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uz Sbace S t a t l a  

The c r e a t l o n ,  deve lopment  and f a b r l c a t l o n  o f  a space s t a t l o n  l n  

geosynchronous o r b l t  1s a necessary Intermedlate step t o  t h e  safe and o r d e r l y  

p r o g r e s s  Ion  of manned space exp I o r a t  Ion. Wh I I e s a t f s f y  I n g  t h e  demands o f  

earth-bound economIc systems through a v a r  l e t y  of I ook Ing down" techno 1 og Ies, 

t h e  geosynchronous space s tat lon,  a t  t he  edge of space, p rov ides  a wIde range 

o f  " Iookfng outwardm poss lb l  I l t l e s  and an optlona I staglng base f o r  p lanetary  

as w e l l  as deep space ventures. As t h e  LEO space s t a t l o n  res ldes near ea r th  

forming t h e  f i r s t  step toward atmospherlc and g r a v l t a t l o n a l  escape, t h e  GEO 

s t a t l o n  w l l l  res lde  a t  t h e  Junctlon between Ear th and space -0 a l a s t  step o f f  

and away f r o m  Earth. From GEO, t h e  r i g o r s  and demands o f  a t r u e  space 

ex is tence can be met and s o l v e d  p r i o r  t o  a f u l l  commitment t o  such uncharted 

human endeavor. 

Before we begln t o  address spec I f Ic  deslgn questlons r e l a t e d  t o  GEO 

s ta t ion ,  It Is necessary t o  env is fon t h e  type and amounts of a c t l v l t y  t h a t  are 

l l k e l y  t o  be undertaken by GEO stat lon. 

One o f  t h e  p r l m a r y  f u n c t l o n s  o f  a GEO s t a t l o n  w l l l  b e  s e r v l c l n g  o f  

s a t e l  I Ites. A s l g n i f l c a n t  number o f  s a t e l  I l t e s  and s a t e l  I I t e  r e l a t e d  

mater  tal a I ready e x I s t  i n  geosynchronous o r  d r  I f t l n g  geosynchronous orb i ts .  

The NORAD C a t t l o g  1982 I l s t s  75 s a t e l  I l t e s  I n  geosynchronous and 143 

s a t e l  I I t e s  I n  d r I f t I n g  geosynchronous orb l ts .  O f  these 218 s a t e l  1 Ites, 

42 a r e  t o t a l  l y  dtsabled. Also, smal l e r  pIeces of mater ia l  a re  known 

t o  be a d r I f t  I n  geosynchronous orbI t .  Thus, approxlmately two- th i rds  o f  

t h e  s a t e l  I I t e s  I n  geosynchronous o r b l t  need t o  be  removed f rom orb It, 

refurbished or stab1 I lzed I n  orbI t .  GEO orbI ts ,  especIal I y I n  t h e  m r e  

des Irab I e I ong Itudes, are  crowded and c I uttered. These orb I t s  must be 

c lea red  t o  make r o o m  fo r  bo th  e x l s t i n g  and f u t u r e  operational s a t e l  I Ites. 
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As lde  from t h e  o b v I o u s  advantages o f  o n - s l t e  s a t e l  I I t e  s e r v  I c lng ,  t h e  



presence of GEO s t a t l o n  must be compared t o  s lm l  i a r  serv  Ices made ava i  lab l e  

from LEO s*ation. Whereas LEO a c t l v l t i e s  a t  geosynchronous o r b l t  distances 

r e q u i r e  a s l z e a b i e  commltment t o  p r o p u l s l o n  and guldance systems I n  a 

reusab le  o r b l t a l  t rans fe r  v e h i c l e  (OTV), s lmi  l a r  a c t i v l t l e s  conducted from 

GEO s t a t l o n  would requ l re  a modest o r b l t a l  maneuverlng v e h l c l e  (OMV) uslng 

SMI I amunts  of f u e l  and mlnor guldance systems. Space Junk I n  GEO o r b l t s  

c o u l d  be  r e t r l e v e d  and r e u t l  I l zed  by a GEO s t a t l o n  t h u s  accompl l s h l n g  two 

prime mlsslon tasks; c lean up of  geosynchronous o r b i t s  and fab r l ca t l on  or 

re fu rb  l sh lng  o f  operat ional  s a t e l  I Ites. A I  I of t h i s  cou ld  be achleved 

w l thout  paylng t h e  p r l c e  of ascendlng and descendlng t h e  " g r a v l t y  we1 1 "  

t h a t  e x l s t s  between LEO and GEO o r b i t s .  Also, a GEO o r b l t  O M V  c o u l d  

s e r v e  t o  loca te ,  map and p o l  l c e  t h e  d r l f t l n g  o r b l t s  o f  space Junk t o  

p revent  c o l  I l s lons  w i th  operat ional  s a t e l  I I t e s  o r  even the  GEO stat ion,  

l t s e l  f. 

GEO s t a t i o n  w l l  I a l s o  be a focal  p o l n t  for communlcatlons. A c t l v l t l e s  

such as e a r t h  communlcatlon re lays ,  s u r v e  I I I ance o f  e a r t h  resources  and 

human impacts, weather p r e d  I c t  Ion and mon l t o r l ng ,  s l t e  loca I l z a t l o n  and 

m l l l t a r y  s u r v e l l l a n c e  c a n  b e  s u p p o r t e d  u s l n g  a n  a n t e n n a e  f a r m  I n  

geosynchronous orb l t .  The fabrlcatlon, opera t lon  and r e p a l r  of l a rge  antenna 

cou 1 d be accomp I lshed from t h e  GEO s t a t l o n  f t s e  I f. Laser rang lng and d l sc re te  

I aser  I f a t t e n t  I o n  Is d l r e c t e d  commun l c a t  l o n  channe I s c a n  be  achieved.  

outward, a w l d e  range o f  as t ronomlca  I a c t  I v  It l e s  a r e  poss I b  1 e, deep 

space communlcatlon 1s much enhanced and a space con t ro l  s t a t i o n  f o r  

b o t h  manned and unmanned l n t e r p  I a n e t a r y  s p a c e c r a f t  seems b o t h  h i g h  I y 

des l rab le  and q u i t e  feasible. 

The above app l l ca t l ons  can su f f l ce  t o  c a r r y  much of t h e  I n l t l a l  c o s t  o f  

a GEO s t a t l o n  as we1 I as t h e  cont lnu lng operatlona I costs. As wl I I be seen 
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l a te r ,  many o ther  GEO s t a t l o n  a c t l v l t i e s  w l l l  he lp  bear t h e  cos t  burden of 

GEO. Yet, GEO s t a t l o n  prov ides  a unique oppot tun l ty  f o r  sclence and 

techno I ogy deve I opments c r u c l a  I t o  t h e  cont lnu  Ing deve I opment o f  a space 

program. 

A geosynchronous o r b l t ,  a t  t h e  edge of  space, o f f e r s  a m u l t l t u d e  o f  

sclence oppor tun l t les  n o t  c u r r e n t l y  enJoyed and no t  poss lb le  from LEO stat ion.  

V i r t u a l  l y  e v e r y  s c f e n c e  a r e a  c a n  b e  I m p a c t e d  -- g e o p h y s l c a l ,  

astrophys Ica I, astronomica I and even I I f e  sc lences. Long observat  Ion 

per lods, I arge syn the t ic  apertures, I arge base I lnes and a host1 I e rad l a t  ion 

b e l t  make t h l s  an excel l e n t  research environment fo r  sc len t ls ts .  These 

p o s s l b l l l t i e s  do n o t  e x i s t  f o r  LEO s t a t i o n .  And, g l v e n  t h e  a p p r o p r i a t e  

c o n d l t l o n s  o f  autonomy, It i s  I l k e l y  t h a t  a who le  c l a s s  o f  new s c i e n c e  

oppor tun l t l es  w l l  I a r l s e  w l t h  t h e  advent of GEO. 

Many app 1 l ca t lons  and techno 1 og Ica I a c t  I v It les  f o r  sc lence cou I d a I so be 

explored w h i l e  worklng aboard t h e  space s tat ion.  The technologles used f o r  

s a t e l  l l t e  refurbishing, f o r  r e u t l l l z a t i o n  and fo r  f a b r l c a t l o n  can be c a r r l e d  

o v e r  t o  v a r i o u s  s c i e n c e  techno log les .  Ra the r  t h a n  abandon o l d  

experfmental apparatus and Ignore space Junk, t h e  GEO s t a t l o n  w l l l  seek means 

for processing mater ia ls  such t h a t  most mass i s  conserved. Reprocessed Junk, 

science experlrnents, as te ro ld  material, and lunar  mater la l  wll I be t h e  bas l s  

f o r  new fab r l ca t l ons  uslng r o b o t i c  machln lng and assemb I y methods. Serious 

a t t e n t l o n  w l l l  be glven t o  b lomater ia ls  and structures, as well. The whole 

app l l ca t l ons  and technologles e f f o r t  w l l l  emphasize conservation a c t i v l t l e s  

s lnce  It Is c l e a r  t h a t  eventual deep space manned mlsslons w i l l  depend upon 

such conservatlon. 

Another p o t e n t l a l l y  Important and p r o f i t a b l e  use o f  t h e  space s t a t i o n  Is 

f o r  manufac tur  fng and mater  l a  I process  ing. The GEO s t a t  I on  p r o v  Ides an 

oppor tun  l t y  t o  suppor t  manufac tur lng  techno  I og l e s  w I t h  v a r i e t y  o f  raw a 
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mater l a  I s unava 1 I ab I e t o  LEO s t a t  Ion. Grav I t y  f ree  techno I og les can be 

p u t  I n  p I ace w I t h  o r e  p rocess  l n g  and mater  l a  I 

d l f f e r e n t  from those experlenced a t  LEO stat lon.  

grow and new VLSl c l r c u l t  f a b r i c a t l o n  techniques w i l l  abound. 

r e c o v e r y  cha I I enges v e r y  

So lar  c e l l  technology w i l l  

Both t h e  processes t o  c rea te  "stock" rna ter la ls  and t h e  ac tua l  forming 

and f i t t l n g  of these rnater la ls  w l l  I be achleved. A work bay and s a t e l  l l t e  

r e c o v e r y  bay can be used f o r  s a t e l  l l t e  r e f u r b l s h l n g ,  i n l t i a l  Iy, and fo r  

fabr  I c a t  Ion eventua I I y. Astero ld  and I unar mater l a  I s w I I I be processed w i t h  an 
. 

e v e n t u a  I tremendous sav Ings  o v e r  c o n v e n t  lona I mater  l a  1 use I n  t h e  

f a b r i c a t i o n  o f  la rge  space s t ruc tu res  as we1 I as deep space v e h i c l e s  and 

probes. 

A GEO space s t a t  Ion  cou I d a I so be  used f o r  s u r v e l  I I ance, hav i n g  b o t h  

m i l i t a r y  and commerclal-industrial a p p l l c a t l o n s .  The s l m p l e  f a c t  o f  

contlnuous monitorlng o f  t h e  earth's surface y l e l d s  s l g n l f  l can t  ml I l t a r y  

advantages. Also, such m o n l t o r l n g  can a l d  I n  i n d u s t r i a l  and commerclal 

p I ann lng. Chang lng weather, a I tered agr  i cu  I t u r a  I product l v  lty, and even a 

variety o f  m l n l n g  a c t l v l t l e s  can be  monltored. Env f ronmenta l  and s o c l a l  

d l sas te rs  cou ld  be evaluated and reacted t o  l n  very  rapld, d e f l n i t e  ways. 

As ide  f rom c r o p  mon i to r lng ,  l n s e c t  l n f e s t a t l o n s ,  weather m o n i t o r l n g  and 

d l sas te r  evaluation, t he  GEO s ta t i on  cou ld  a l d  In  water and a i r  m n l t o r f n g ,  

ocean u t 1  I Iza t Ion  and g loba I hab l t a b  I I l t y  mon I t o r  ing. Further, a l r  t r a f  f IC, 

ship t r a f f  l c  and even ground t ranspor ta t lon  cou I d be l d e n t i f  led, m n l t o r e d  

and c o n t r o  I I ed. F i na  I I y, assurance comp I lance w l t h  t r e a t y  

gu l d e  I l nes  shou I d a I d  In l m p  f ement I ng b e t t e r  f n t e r n a t  lona I r e  I a t  lons. 

N e l t h e r  a c t i v e  o f f e n s l v e  o r  d e f e n s l v e  r o l e s  f o r  t h e  m i l  l t a r y  seem 

appropr l a t e  slnce a GEO stat ion, 

The space s t a t  Ion wou I d be lnva  I uab I e as a t e c h n  l c a  I p r o v  i n g  ground. 

of  m l  I i t a r y  

I I ke  LEO stat ion, Is read1 I y neu t ra l  lzed. 
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I 
I Notab ly ,  GEO s t a t l o n  can t e s t  t h e  t e c h n l c a l  accompl lshments o f  LEO t o  

ascertain t h e  usefulness o f  such technologles I n  a deep space set t lng.  Also, 

technologles r e l a t e d  t o  meteoroid sh le ld Ing  and r a d l a t l o n  p ro tec t l on  can be 

developed bes t  

s imulates deep space. Other technologles can be developed on a need and 

"boot -s t rap"  bas  Is; add It lona I power systems, usefu I r o b o t  I c s  and Induced 

r a d  l a  I acce I e r a t l o n  g r a v  l t y  a r e  I I ke  I y cand I d a t e s  f o r  such deve I opmenta I 

expanslon. F I n a l  Iy, t he  remote and long du ra t l on  perlods I n  GEO s t a t l o n  wi I I 

t e s t  t h e  adequacy o f  blomedlcal systems as w e l l  as psychosocial systems. 

I n  GEO o r b l t  w l t h  t h e  expectation t h a t  t h I s  space environment 

The host1 l e  env lronment of geosynchronous o r b  It makes e x t r a o r d  l n a r y  

demands n o t  e a s I l y  b u f f e r e d  by t h e  p r o x l m l t y  o f  earth.Thus, GEO s t a t l o n  

exempl I f I e s  t h e  bes t  s lmu la t l on  of In te rp lanetary  space y e t  a f fo rds  emergency 

access, I f  needed, t o  t h e  h o s p i t a l  l t y  o f  ear th ,  I n  such an env Ironment, t h e  

GEO s t a t I o n  must support long term hab I t a t I o n  wl thout  sacr If Ice o f  t h e  human 

p r o d u c t l v l t y  o r  human c r e a t i v i t y  so much d e s I r e d  l n  manned space 

a c t l v I t I e s .  These cond l t lons  must be met wI thout  exceedlngly h igh payload 

costs. A t  l e a s t  one new technology, a Contro l  led Eco log fca l  L i f e  Support 

System (CELSS), should be e v o l v e d  t o  preserve mass. The need for a CELSS l n  

GEO s t a t l o n  Is no t  g rea t  b u t  t o  have such a system Is a f i r s t  step t o  s t a t i o n  

Independence. Long term space hab I t a t  Ion w l I I, undoubted I y# ca I I f o r  a CELSS. 

Manned spacecraf t  v Is I t s  to other  p lane ts  can be more des l rab  I e w i t h  a good 

CELSS. And, a I arge GEO s t a t  lon  w Ith a fu  I I y operat Iona I CELSS can prov Ide  an 

a I t e r n a t l  ve t o  1 I fe  aboard spacecraft Earth. 

In  the not too dJstant  future, when space exploration becomes feaslble, 

t h e  GEO s t a t i o n  would be an e x c e l l e n t  s tag lng  s l t e  and quarantlne area. Since 

t h e  GEO s t a t l o n  wou I d be a t  t h e  edge of deep space, It cou I d  serve as a p I ace 

t o  assemb I e I n t e r p  I a n e t a r y  veh lc  I es  and probes. GEO s t a t i o n  cou I d 

eventua I I y become a mode I for "stand-away" sc lence and exp I o r a t l o n  s t a t  Ions 
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which cou ld  be moved t o  p rox lmi ty  w l t h  as tero ids  and, even, nelghboring 

planets. GEO s t a t l o n  can, of course, be t h e  stopover s l t e  f o r  re turnrng space 

f I l g h t s  from lunar and/or p lanetary  misslons. As such, a range . .  o f  r e t r o f  It 

serv  ices, resupp I y a c t l v  l t i e s  and quarantine r o  I es can be accommodated: 

( 1 )  Assembly of space v e h l c l e s  and probes I n  GEO o r b i t  wou ld  e l l m l n a t e  

manystructura I needs and propu I s Ion wastes encountered by such systems i f 

t h e y  were c o n s t r u c t e d  on Earth. C r  It i c a  I components, new I y l n s t a  I I ed o r  

r e t r o f  I t s ,  cou I d  be manufactured on e a r t h  or l n  LEO s t a t l o n .  But o v e r a  I I, 

t h e  l a r g e s t  amount o f  v e h l c l e  mass c o u l d  be k e p t  away f rom t h e  spec la  I 

needs and la rge  expense o f  descending and ascendfng t h e  g r a v i t y  w a l l .  

(2)  As a model f o r  o t h e r  p l a n e t a r y  or a s t e r o i d  m o n l t o r l n g  s t a t l o n s ,  GEO 

s t a t l o n  would represent t h e  development  o f  t r u e  space techno logy  to a 

p o l n t  of conf ldence and unassai led se I f -suf f  Iclency. A modern GEO s t a t i o n  

c l o n e c o u l d  be  b u i l t  on s l t e  and c o u l d  be p u t  l e d  o u t  o f  o r b i t  t o  

undertake new ln te rp lanetary  endeavors. 

(3) The presence of GEO s t a t l o n  w f l  I a l  low lunar  veh ic les  as we1 I as o the r  

manned space vehic les a reac l imat ion and r e s o c i a l l z a t l o n  p o i n t  near earth. 

The blomedlcal adaptations necessary f o r  re tu rn lng  t o  Ear th could be achieved 

and exposure t o  t h e  pace of Ear th  l i f e  could be done slowly. Importantly, t h e  

ever present p o s s l b l l l t y  of ea r th  contamlnatlon could be much reduced by t h e  

t r a n s f e r  o f  crew personnel t o  a shu t t l e  used exc lus l ve l y  f o r  t h e  purpose o f  

crew t rans fer .  I n  t h i s  l a t t e r  role, GEO s t a t l o n  could serve as a 

biomedlcal/psychosoclal quarantlne area f o r  personnel re tu rn lng  from long 

dura t lon  space mlsslons. 

Of c o u r s e  It would be  presumptuous t o  imagine t h a t  we can c u r r e n t  I y 

env is ion  a l  I of t h e  oppor tun i t les  presented by GEO stat ion. Mundane, b u t  
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l ess  we1 I developed ideas a r e  sure t o  emerge. Power generation s i t e s  

have been proposed prev ious I y. M i  r r o r  farms cou I d I I I um 1 n a t e  c it ies, 

i nc rease  c r o p  grow lng  seasons and p r o v  Ide  emergency I i g h t  f o r  n i g h t  

searches i n  t h e  sea or  o v e r  I n h o s p i t a l  t e r r a i n .  A modest amount o f  

s t a t i o n  mob1 1 i t y  c o u l d  accommodate a h o s t  o f  o t h e r  uses. B u t  t h e  

mainstays of a GEO s t a t l o n  design w i  I I be independence and f l e x i b l  I I ty .  

C o n s i d e r i n g  a1 I o f  t h e s e  poss lb  l e  f u n c t i o n s  and s e r v i c e s  o f  a GEO 

s tat ion,  t h e  question ar ises  as t o  whether or n o t  people should be res iden t  i n  

these a c t l v l t i e s .  The cos t  f a c t o r  o f  manned space a c t i v i t y  i s  very l a rge  and 

t h e  scope o f  a c t i v i t i e s  t h a t  can be supported I s  much reduced by the  need 

t o  p r o v i d e  f o r  peop le  i n  a space env ironment. I t  I s  us1 a 1 I y argued 

t h a t  automat ion, t e  I epresence, exper t  systems and robot  i c s  can suf f i ce  

for most space a c t i v i t y .  Proponents of manned space a c t i v i t  es argue f o r  

t h e  unmatched ab1 I i t i es ,  f l e x i b i  I i t y  and ingenuity of man -- t r a i t s  o f t e n  

requl red t o  make var ious space a c t l v l t i e s  successful. A I  I of these and 

o the r  Issues as fde, it seems most cornpe I I ing t h a t  t h e  rank and f 1 I e I n  

t h i s  c o u n t r y  s i m p l y  w ish  t o  l d e n t l f y  w i t h  t h e  f r o n t i e r  t r a d i t i o n s  o f  

exp I o r  ing uncharted t e r r i t o r i e s  and cha I I enges. More d 1 r e c t  I y, we can 

I d e n t i f y  w l t h  other people -- n o t  wi th  machines, robots or other  fab r i ca t i ons  

of our  techn ica I and indust r  i a  I wor I d. 

To date and for t h e  immediate fu tu re  It I s  n o t  I i k e l y  t h a t  a r t l f  i c i a l  

i n t e  I I igence cou I d rep I ace peop I e. Smart robot  i c s  a re  s t l  I I r e  1 a t i v e  I y 

crude having poor manipulat ion and perception capabi I I t i e s  as we1 I as crude 

dec i s  i o n  mak i n g  p o t e n t  l a  I. Spec i a  I Ized, we I I -de f  lned t a s k s  can be 

performed rap i d  i y, accurate I y and e f  f IC l e n t  I y by a v a r  i e t y  of  automated 

systems b u t  even modest amounts of v e r s a t i l i t y  remain i o  be achieved by these 

systems. 

The v a r i e t y  of unexpected s i t u a t i o n s  t h a t  a re  I i k e l y  t o  occur i n  a h lgh 
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t e c h n o l o g y  c l rcumstance such as space has a l r e a d y  been documented I n  t h e  

shu t?  I e program. R e c a l c i t r a n t  hardware, I n  waste systems o r  on 

s a t e l l l t e s ,  No automated robo t l cs  system cou ld  

have shown t h e  f I exlb 1 I I t y  or  resourcefu I ness t h a t  was demonstrated by t h e  

astronauts. P robab l l l t y  favors the continued occurrence of unexpected 

s i t u a t i o n s  t h a t  demand t h e  a t t e n t l o n  of people. Presumably, t h e  use of 

has been f l xed  by astronauts. 

automated systems w l l l  save astronaut t lme f o r  exac t ly  those occasions t h a t  

need f l e x l b l l  l t y .  Thus, maxlmum manned usefulness I n  space cat I s  for  a 

ca re fu l  I n teg ra t l on  o f  manned and automated a c t i v i t i e s .  

Slnce we env is lon  GEO s t a t l o n  as an enabl lng technology prov lng  ground, 

it fo l  lows t h a t  t he  type and na ture  of a c t l v i t l e s  on board must e v o l v e  toward 

a more c o m f o r t a b l e  p resence o f  man I n  space. O p p o r t u n l t l e s  for 

evolution are e x q u i s i t e l y  human t r a l t s  and are  best  recognlzed by humans on 

s l t e .  Release from the  mundane tasks w l l l  a l low GEO s t a t l o n  Inhabl tants  t o  

use t h e i r  Ingenuity and c r e a t l v l t y  t o  f r u l t f u l l y  Invest iga e new " look lng 

down" and "looking outward" p o s s i b l l l t l e s .  The stresses and s t r a l n s  o f  

su rv i va l  can be replaced by t h e  t l m e  for recreatlon, lmaglnatlon and 

resourcefulness exerclses. Glven the oppor tun l t les  t h a t  w i t  be ava i l ab le  t o  

people I n  GEO stat lon, It wi I 1 be Important t o  make t h i s  oppor tun l ty  f o r  

Inventiveness and c r e a t l v l t y  ava l lab le  t o  as many people as possible. I n  

o ther  words, t h e  physlcal environment and t h e  technlca l  asslstance w l l l  evolve 

such t h a t  t h e  primary need w i l l  be f o r  human presence and human creativity. 

As f a r  as p r o v l d l n g  a long- term d e s l r a b l e  h a b i t a t  i n  space, t h e  GEO 

s t a t i o n  can s e r v e  as t h e  u l t l m a t e  p r o v i n g  s i t e  f o r  a s e l f - c o n t a l n e d ,  

lndependent col  ony of peop I e. Through t h e  deve I opment of soph 1st icated 

CELSS arrangements and biomedical prov islons, man can begln t o  I lve, work 

and t h r i v e  In a deep space environment. M ln la tu re  vers lons  of GEO s ta t l ons  
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can t h e n  embark upon l o n g  e x p l o r a t i o n  m lss lons  w l t h  t h e  c o n f  ldence t h a t  

deep space prob I ems have been mastered. These s ta t l ons  can be t h e  s l t e  f o r  

dea I Ing  w l t h  a w I de  v a r  t e t y  o f  p I anetary  hazards and env I ronments. And, 

such s t a t l o n s  can become t h e  means through whlch t h e  resources o f  o ther  

p I anets can be tapped. The known prob I ems o f  space and t h e l r  so I ut lons  wl I I 

be a t  hand whereas t h e  unknown problems of each d i f f e r e n t  surface envlronment 

w l l l  represent  new challenges. Earth can ' t  be t h e  d l r e c t  support base f o r  a l l  

of t h e  envlsloned space a c t l v l t l e s .  Nor Is It l i k e l y  t h a t  we w l l l  be pa t fen t  

w l t h  a leap f r o g  arrangement o f  lunar base, then Mars base etc. We w l l l  want 

p a r a l l e l  e f f o r t s  and we w l l l  want t o  go I n  many d l r e c t l o n s  a t  once. Only the  

GEO s t a t l o n  technologles and t h e  prototypes GEO s t a t i o n  promlses w l l l  support 

t h e  year 2000 p lus  adventures of man. 
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1 .  GEO Sta t ion  A c t l v l t y  Overview 

2MI 2QLQ 
Usage Revenue Usage Revenue 

S c l e n t i f  i c  2 4 1 2 
Commun i c a t  Ion 1 1 3 3 
Indus t ry  3 2 4 5 
M i  I i t a r y  4 3 2 1 
S a t e l l l t e  Serv. 1 1 4 4 
Stas ing Base 5 5 1 ' 2  

1 = most important 5 = l eas t  Important 

launch year : 2005 w i t h  10 crew members 
year : 2010 w l l l  have 15-20 crew members 

I t .  GEO S ta t l on  Physical Overview 

Main S ta t i on  
Sh le ld lng (s ta t  
Grav 1 t y  Modu I e 
Sh l e  I d I ng (mdu  
CELSS 
Robot lcs 
Power 

on 1 

e)  

higb2hneiLktons)  

25-30 
10 
15 
5 

20 
20 

4 

l t t .  Dlf ferences between GEO and LEO 

Orbrt 
Trapped and 
c a s a L = s - -  

LEO (400 km, 30' InC. 32 -__ 32 
Geosynchronous 300 25 0 55 0 ........................................................................... 

The prlmary p a r t i c l e  rad ia t i ons  i n  GEO are  s o l a r  protons dur ing  peak 
s o l a r  a c t i v i t y  and trapped e lect rons.  Prlrrary cosmic rays a r e  a l s o  
s i g n i f  Icant, most notab I y the High Charge and Energy (EE) p a r t i c l e s  
which have a Q u a l i t y  Factor est imated between 12 and 40. 
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E. Dlstance 

GEO = 22,236 m l .  
35,785 krn 

5.61 Ear th Rad l l  

LEO = 227 m l .  ave. 
366 k m  we.  

0.06 Ear th Radf i  

C. Atmosphere 

kQ GEQ 

P a r t l c l e  Density I ~ z c m - 3  2oCrn-3 
Dens I t y  IO gr.crn-3 very t l n y  
Temperature 600-1900 K very cold 

D. Geostatlonary i n  space 

Space S t a t l o n  i n  GEO s t a y s  o v e r  t h e  same l o c a t l o n  on t h e  ea r th ' s  
s u r f a c e  a t  a I I t imes. Remote f r e e  f I y e r s  cou I d  p r o v  i d e  c o n t i n u o u s  
observat lon from a geostat lonary reference point. 

Space Sta t lon  l n  LEO o r b i t s  ear th  about once every 1.5 hrs. 
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- 
Perhaps t h e  s l n g l e  most c r i t i c a l  f ac to r  unique t o  a geosynchronous o r b i t  

Is t h e  lnherent r a d l a t i o n  danger. The a l t i t u d e  (5.61 RE) o f  the  

geosynchronous o r b i t  over laps w l t h  the r a d l a t l o n  trapped I n  t h e  magnetic f l e l d  

l l n e s  of t h e  Van A l l e n  be l ts .  Hlgh energy protons, electrons, and charged 

nuc le l  o f  both s o l a r  and cosmfc o r l g f n  become concentrated.  along these 

magnetlc f l e l d  I lnes. The t o t a l  lack of atmospherlc f l l t e r l n g  a t  GEO f u r t h e r  

Increases t h e  r a d l a t i o n  hazard. The t o t a l  p red lc ted  r a d l a t l o n  dose f o r  a one 

year exposure I n  GEO Is 550 rads wl th  c u r r e n t  Shleldfng, approxlmately ten  

tlmes t h a t  o f  a LEO l nc l l ned  a t  90 degrees. Solar  f l a r e s  a l s o  present a 

g rea ter  danger I n  GEO slnce the  s ta t l on  w l l l  be sh le lded from t h e  sun on ly  64 

hours each year. 

Clearly, t h e  s t a t i o n  w l l l  have t o  Incorporate r a d l a t l o n  p ro tec t i on  

methods super lor  t o  t h e  slmple alumlnum bulkheads now employed. Thls 

technology must be developed for manned deep space mfsslons t o  become 

possible. The GEO s t a t l o n  w l l l  serve as an Ideal prov lng ground f o r  r a d l a t l o n  

p ro tec t i on  technologles. The opt lons we examlned I n  t h e  deslgn process 

lncluded bulk, magnetlc, electromagnetlc, and plasma shle ld lng.  

Bulk Shieldingr wh l le  slmple and e f f e c t l v e  f o r  a l l  forms of rad lat lon,  

exacts a h lgh mass penal ty  for adequate p r o t e c t i o n  requ l red  a t  GEO. Also, as 

r a d l a t l o n  p a r t i c l e s  pass through the sh le ld lng  materlal,  Bremmstrahlung, o r  

brak lng rad lat lon,  i s  produced (Dlagram RP.1). 

Magnetlc sh le ld lng  operates b y  s e t t l n g  up a magnetic f l e l d  about the  

protected area. It has about a 70% wefght savlngs over bu l k  sh le ld lng  f o r  

large volumes such as considered here. Th is  method produces d l f f u s e  

synchrotron r a d l a t i o n  as opposed t o  h lgher  energy Bremmstrahlung r a d l a t i o n  

(D iagram RP.2). 
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In electromagnetlc shieldlng, the shlelded volume Is malntalned at a 

potentlal difference of several milllon volts wlth respect to lnflnlty. Thls 

voltage dlfference will repel partlcles of  slmflar charge. However, It w l l l  

attract partlc les of opposite charge. Slnce radlatlon wlth both charges 

exlst In geosyncronous orblt, e lectromagnetlc shleldlng can produce serlous 

prob f ems. 

Plasma shleldlng, I f  developed to an operatlonal stage in time to 

Incorporate It into a GEO statlon, has both mass and protectlon advantages 

over the other methods dlscussed above. A hybrld of eiectrostatlc and magnetlc 

shleldlng, It malntalns an electron cloud wlthln magnetIc fleld llnes 

generated around the statlon by superconductlng colls. Partlcles of both 

posltlve and negative charge are kept separate from the Ilvlng envlronment 

(Diagram RP.1). However, the magnetlc field restrlcts the statlon shape to a 

torus. 

Due to mass savlngs, superlor radlation protectlon, and adaptablllty to 

deep space mlsslons, plasma shleldlng has been selected as the method to 

protect the habltablllty module of the GEO statlon. Thls statlon wlll have 

the baslc shape of a torus composed of elght cyllnders, m 

dlameters. Thls shape allows for plasma shleldlng, I f  avallable a t  deslgn 

stage, or magnetic shleldlng,'lf not. Such shleldlng need not be contlnuously 

operatlve since Ilght bulk shielding should be sufflclent 70% of the time. 

Thls deslgn meets crlterla for modularlty and thus expanslon, and also for 

standardlzatlon and therefore utlllzation of LEO statlon components. 

15 rn long wlth 4.5 

tlnn wind Met- 

lmpactlng meteorolds and drlftlng space junk pose a serious threat to the 

operatlonal capablllty and securlty of long term mlsslons and large space 

structures such as the GEO statlon. Unmanned spacecraft typically rely on 
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smal I s l z e  ( l o w e r  impact p robab l  I I t y )  and system redundancy t o  e lude f z t e l  

damage f tom space obstac I es. However, pers  i s t e n t  and uopred ic tab I e sate I I 1 t e  

fa1 1 ures, a t t r  ibutab I e t o  meteorold Impacts, c I ear I y lnd l ca te  t h a t  such 

approaches are  unacceptable f o r  large, manned space statlons. Therefore, t o  

ensure t h e  long term s u r v i v a b i l i t y  o f  a GEO stat lon,  It 1s Imperative t h a t  

meteorold penetrat lon In to  t h e  s ta t l on  Is mlnlmlzed as much as posslble. 

The Geo s t a t i o n  can u t i l i z e  e l t he r  a c t l v e  o r  passlve approaches t o  reduce 

t h e  r l s k  of Impacts. Ac t lve  measures, considered for d r i f t l n g  space junk, 

c o n s l s t  o f  t rack ing  and destroylng incoming pa r t i c l es .  However, such measures 

a re  n e i t h e r  r e a l l s t l c  nor economically f e a s i b l e  f o r  e l im lna t l ng  mlnute, h lgh  

v e l o c l t y  meteoroids. Passlve measures, which Include reduclng threatened 

sur face areas and varlous forms o f  shleldlng, provlde considerable p ro tec t l on  

aga lns t  any type o f  p roJec t i l e  I n  the v l c l n l t y  o f  t h e  s tat lon.  O f  these, 

sh le ld lng  Is  the  on ly  v i a b l e  opt lon for assurlng re l l ab le ,  long term 

p ro tec t l on  of t h e  GEO s tat lon.  

There a re  several d l f f e r e n t t y p e s  of sh le ld lng  ava l lab le  f o r  use on a 

space s ta t lon .  Ear ly  manned mlssions employed t h i c k  wa l l s  as a s h i e l d  agalnst  

meteorolds, b u t  t h l s  approach y le lds  unreasonably heavy s t ruc tu res  f o r  large 

spacecraft. Exce l len t  sh ie ld lng  w l t h  s u b s t a n t l a l l y  less welght can be r e a l i z e d  

by double-wall s t ruc tu res  whlch were used on Skylab and are  lniended for  use 

on t h e  European G I O l T O  spacecraft. In double-wall shlelds, a t h l n  bumper 

s h l e l d  i s  used t o  vaporlze t h e  impactlng meteorold and a t h l c k e r  backup sh ie ld  

(usua l ly  t h e  wal l  of the  spacecraft i t se l f )  takes t h e  Impact of t h e  r e s u l t l n g  

vapor cloud. Since t h e  vapor clouds spread propor t lonal  t o  t h e  d ls tance 

between t h e  shields, the  Impact on t h e  second sh ie ld  1s d l s t r l b u t e d  and tends 

t o  bend t h e  s h i e l d  ra ther  than penetrat ing t i  a t  a s l n g l e  po lnt .  Llghtwelght, 

b u t  r l g l d  mater la ls  make t h e  add l t lona l  welght o f  a double sh le ld  

Tns lgn l f l can t  I n  comparlson t o  the welght of t h e  e n t i r e  space s t a t i o n  

14 



st ructure.  One f l n a l  advantage of  t h e  bumper s h i e l d  1s i t s  slmultaneous 

f u n c t l o n  as a r a d l a t l o n  shleld, thus I i m i t l n g  both heat loss t o  space and heat 

t r a n s f e r  t o  t h e  co ld  superconductors o f  t h e  plasma shlelding. - 
I n  GEO, maintalning a thermal ly  s t a b i l i z e d  and habi tab le environment, 

w l t h  average temperatures between 68-700 F, To r o t a t e  the  

s t a t l o n  i n  an attempt to s imulate t h e  thermal d l s t r i b u t i o n s  found on ear th  

would cause undeslrab e g r a v i t y  gradients, s t r e t c h  t h e  complexlty o f  t he  

s t a t i o n  t o  I t s  l i m i t s  and use c o s t l y  power fo r  maintenance. Furthermore, 

simple r o t a t i o n  w l l l  n o t  even begin t o  so lve t h e  c i r c u l a t i o n  and coo l i ng  

problem t h a t  w l l l  e x i s t  i n  GEO stat ion, f o r  t h e  sun i s  on ly  an external  source 

o f  heat. Many more sources eml t  heat from w i t h i n  GEO s ta t lon .  Therefore, En 

ammonia heat p lpe  c i r c u l a t i o n  system w i l l  be used throughout t h e  s ta t ion .  

I s  no easy chore. 

Dur ing t h e  spr ing  and f a l l  t h e  s t a t i o n  w i l l  move i n t o  t h e  Earth's shadow 

and s tay  the re  a b l t  longer each day u n t l l  a t  equinox t h e  shadow w i l l  o c c u l t  

t h e  s t a t i o n  t h e  longest: 69 minutes. DurlnS these dark perlods no power may 

b e  pu I l e d  f rom t h e  s o l a r  a r r a y s  and t h e  f u e l  c e l  I s  w l  I I o p e r a t e  a t  50kw 

maximum. I n s u l a t i o n  and o t h e r  p a s s l v e  measures must be taken  t o  ensure  

s u f f  l c i e n t  warmth a t  these tlmes. GEO s t a t l o n  w i  I I use 6 I ayers o f  My la r  

l n s u l a t l o n  between t h e  meteoroid bumper shlelds. It w i t  I a l s o  draw heat from 

t h e  s to red  water, used as a thermal r e s e r v o i r  and heated dur ing t fmes when 

t h e  Earth's shadow Is n o t  present. 

The s o l a r  arrays prov ide 215 kw o f  power when l n  sun (which i s  99% o f  any 

year), To cool t h e  s t a t i o n  and m i n t a l n  

an even temperature requ l res  rad la t l ng  t h l s  waste heat away. But  t h e  1% of 

t h e  t lme t h a t  t h e  s t a t l o n  Is I n  shadow imposes the  r e s t r i c t i o n  t h a t  o n l y  60 kw 

may be d l r e c t l y  rad iated from t h e  s t a t i o n  walls. One hundred and s i x t y  square 

which eventual ly  becomes waste heat. 
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meters of r a d l a t o r s  will be used t o  shed the rernainlng heat. The rad la to rs  

w l l l  be placed on the  support s t ruc tu re  t h a t  anchors the  so la r  arrays. Heat 

i s  pumped through them usIng the  s t a t i o n  c l r c u l a t l o n  system The rad ia to rs  

a r e  shaped I l ke  chevrons (a he ra ld l c  symbol used on gas s t a t l o n  slgns) t o  

p rov ide  meteoroid pro tec t ion  f o r  t h e  heat pipes which w i l l  r a d l a t e  i n  space e t  

1 kw o f  heat per square meter. as prev ious ly  mentioned, 99% o f  t h e  

t ime  these radiators w l l l  be i n  the sun and w1l l  not  rad Ia te  heat out. 

Furthermore, t h e  s t a t l o n  w i l l  be f u l l y  exposed t o  thee sun. Therefore, GEO 

s t a t i o n  w i l l  have a parasol of approximately 2,000 square meters between It 

and t h e  sun. ThIs shade will consls t  of t h e  so la r  arrays, t h e  so la r  l l g h t  

co l l ec to rs ,  and aluminum f o i l  t o  f l l l  i n  any gaps. It will al low t h e  

r a d l a t o r s  t o  shed heat  e f f e c t i v e l y  and wl I I keep t h e  s t a t l o n  w i t h l n  a 

p r e d  I c t e d  tempera tu re  c lrcumstance; a f a r  more manageab I e eng i neer  I ng 

However, 

s I t u a t  Ton. 

Pawer 
I n  order  t o  provlde energy t o  the var lous experrmental Iaboratorles, I I f e  

suppor t  system, sh le ds, manufacturfng f a c i l  l t l e s  and ord lnary d a i l y  

amenities, GEO s ta t Ion  must be able t o  p rov ide  la rge  amounts of power a t  a 

r e l a t i v e l y  low cost. Many power sources e x l s t  t o  choose from: nuclear 

plants, s o l a r  arrays, so la r  dynamics, f u e l  c e l l s ,  f lywheels and ba t te r l es .  

Nuclear power sources a r e  l l g h t  and r e l a t l v e l y  low i n  cost. They are  no t  

dependent on sun l l gh t  t o  produce power and can fit I n t o  a small volume. But, 

nuc lear  wastes a re  t o x I c  and t h e  p l a n t  must be heavI ly  shielded. Speclal 

handl ing i s  necessary and re1 I a b i l i t y  Is low. For these l a t t e r  reasons, 

nuc lear  power was n o t  chosen f o r  the GEO s ta t l on .  However, space exp lo ra t ion  

much beyond Mars cannot be accompllshed e f f e c t l v e l y  w l t h  sho r t  term or sun 

r e l l a n t  power sources, and nuclear power f o r  deep space t r a v e l  must be 
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f u r t h e r  explored as an eventual enabllng technology. 

The c u r r e n t  developments I n  so lar  ar rays makes them super lor  t o  s o l a r  

dynamlcs. S lx ty-e lght  percent e f f i c i ency  Is expected by t h e  year 2000 uslng a 

m in la tu re  Casslgralnlan concentrator concept w l t h  a multl-band-gap c e l l  (see 

F lgu re  PW-1). The sun's energy Is concentrated, us lng a min la tu re  

Cassegranlan mlr ror ,  onto a c e l l  constructed of layers of pho tovo l ta l ca l l y  

a c t i v e  materials. Each mater la l  absorbs d l f f e r e n t  wavelengths of l i g h t  

lncreaslng system e f f l c l ency .  t he  

GEO stat lon,  a so la r  ar ray parasol of 370 square meters w i l l  be used. 

To provlde t h e  215 kw o f  power deslred by 

For one percent o f  each year a GEO s t a t i o n  Is I n  t h e  Ear th 's  shadow, 

mlnlmal energy must s t l l l  be provlded dur lng  t h l s  tlme. The mlnlmal power 

requlrements t o  malntaln t h e  r a d l a t l o n  s h i e l d  and prov lde a r t l f l c l a l  access 

I l g h t l n g  a re  around 50 kw f o r  sho r t  per lods of t lme up t o  69 minutes a day 

(as mentloned I n  Thermal Conslderatlons). O f  t he  l lghtwelght, h lgh powered 

op t lons  for power storage, t h e  flywheel and t h e  hydrogen/oxygen fue l  c e l l  were 

consldered f o r  t h e l r  lnnovatlve technology and multfpurpose deslgns. Because 

It Is a c h a r a c t e r l s t l c  o f  f ue l  c e l l s  t o  produce potable water as wel l  as s to re  

power, hydrogen-oxygen fue l  c e l l s  were chosen. To prov lde t h e  60km h r  maxlmum 

energy necessary dur lng  darkness, f l ve  fue l  c e l l s  w l l l  be used. 

The amount of power needed for  GEO s t a t l o n  w l l l  be kep t  t o  a mlnlmum by 

uslng t h e  sun as a l i g h t  source and uslng r a d l a t l o n  sh le ld lng  s t ra teg les  t h a t  

a l low t h e  plasma sh le ld  t o  be turned o f f  some of t h e  time. A r t l f i c l a l  

l i g h t i n g  Is n o t  requl red most o f  the t ime s lnce l l g h t  may be d i r e c t l y  plped 

v i a  o p t i c a l  f l b e r s  from t h e  outs lde t o  t h e  user w l t h  a Solar  L i g h t  Co l l ec to r  

system. More savlngs on power occurs due t o  t h e  f a c t  t h a t  t h e  plasma 

sh Ie ld lng  does not need t o  be on a l l  t h e  time, b u t  merely for periods when 

rad l a t  Ion Is Intense. 
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Plasmon cells are the newest power technology and will be added to GEO 

station In Its growth period. Plasmon cells turn light into electrlclty with 

an efficiency of 80 to 90 percent. These super high yield, light weight power 

supplies will bring GEO station's available power levels high enough for 

profltable, ground based consumer use, or use In propulslon systems for 

exploratory craft. Free electron asers based at GEO statlon could heat the 

fluids of a power plant on Earth or a propulsive gas on a spacecraft. The sun 

to consumer eff lciency of the Plasmon-laser system Is 72%. Such a prospect I s  

1 imltless. 
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I. Introduction 
A. Provide a safe habitation environment 

1 1 protect ion aga inst rad tat ion 
2) protection against meteoroids 
3 )  provide adequate power 
4 )  maintain comfortable environment 

B. Provide excellent work environment 
1 )  Facilities for satellite repair 
2)  Manufacturing facilities 
3 )  Docking faci I Ities 
4 )  Free f lyers for scientif ic appl icat 
5 )  Communication facil ities 
6 )  Innovation opportunities 

C. Design cons iderat ions 
1 )  Modular design 

a) easy asserrbly In orbit via shutt 

ons 

e and OTV from LEO 
b) a1 Ihws for future expansion and fabr icatlon on-orbit 

a) allow modification for different types of work 
b) allow for lncorporation of new technologies 

a )  general structure of lab and habitation modules 
b) radiators 
c) docking facllitles 

a )  reduce operational costs 
b) provide testing of technologies for long-term missions 

2) Flexibll ity of designs 

3 )  Use LEO designs to degree possible 

4 )  Design statlon to be relatively autonomous 

1 1 .  Hardware Components for Safe Habitation Environment 
A. Radlation 

1 )  Radiation ln GEO is dangerous 
a) Van AI ten belt background radiation is high and has HZE particles 
b) Solar f tare activity can produce particularly high levels of 

c) Shieldlng Is only practical means of protection 

a) Minimal wal I structure of station wi I I adequate1 y shie Id 

b) Tremendous weight increase required to shield safety 100% of the 

a) superconductors In shape of torus would establish magnetic field 
b) e I ectrons ejected from stat ion form p I asma c I oud in magnetlc 

c) advantages 

rad iat ion 

2) Bulk shielding 

environment 705 of the time 

time (for long missions and total exposure Indices) 
3 )  Plasma shieldlng 

f leld to provide effective shield 

I 1 s Ign 1 f icant weight sav 1 ngs 
1 1 )  shield can be turned on or off as needed 

1 1 1 )  effective for other planetary radiation levels 

1 )  EM communications through c I ouds are d i f f  lcu I t ( I aser 
d) disadvantages 
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commun l c a t  lon works) 

unless c a r e f u l l y  con t ro l l ed  
1 1 )  plasma cloud forms hlgh r a d i t t l o n  area and danger f o r  EVA'S 

B. Meteoro lds 
1 )  Meteoroids are dangerous I n  GEO 

a)  t r a v e l  a t  high v e l o c l t y  (10-80 k d s e c )  
b )  sporadic meteorolds have no pre fer red  o r b l t  l n c l l n a t i o n  - meteor 

c) GEO s t a t i o n  can expect lmpacts of p a r t i c l e s  2 mm or grea ter  each 

a1 Reduce ove ra l l  exposed surface area 
b)  Reduce area exposed I n  hlgh r l s k  d l r e c t l o n s  
c )  Provide emergency bulkheads between modules 
d) Provide two independent accesses t o  each module 

3 )  Shleld t o  prevent meteorold penetrat lon 
a) bumper sh ie ld  deslgn 

1 )  outer  t h i n  wal l  (1.0 mm t h l c k  pos i t loned 200 mm from s t a t i o n )  

1 1 )  outer  w a l l  of  s t a t l o n  e a s i l y  de f l ec ts  d l f f use  meteorold vapor 

showers occur a t  l n c l  lnat lons less than 30' 

15 years - smaller p a r t f c l e s  more f requent ly  
2) Methods t o  reduce danger of impact 

vaporlzes meteoroid upon penetrat lon 

b)  sh le ld  t o  be made o f  Kevlar 
1 )  high shock compress ib l l i t y  t o  Insure vapor lzat lon 

1 1 )  l e s s  bumper e r o s l o n  (i.e., smal l e r  h o l e s  a r e  produced I n  
mater la l  and holes are e a s i l y  repai red)  

I J i )  r i g l d l t y  a l lows ease o f  attachment of sh le ld  t o  s t a t i o n  

a) provlde t h i c k e r  o r  add l t lona l  sh ie lds  l n  high r l s k  d l r e c t l o n s  
b )  provlde passive s h l e l d  o r  "bunker" area f o r  ernergencles 

4 )  Addi t ional  measures 

C. Power 
1) Energy requlrements 

a) 50 Kw minimum malntenance power requ l red  

b )  200-250 Kw dur ing peak usage ( f u l l  usage) 

I )  40 Kw f o r  plasma sh ie ld  
1 1 )  10 Kw t o  susta in  s t a t i o n  

1)  40 Kw f o r  plasma sh ie ld  

111)  110-160 Kw f o r  operatlons 
i t )  50 Kw f o r  CELSS 

2 )  Soiar  arrays deslgn 
a) suggest Cassegralnian concentrators w i t h  multl-band-gap cascaded 

c e l  I s  
1 )  an t l c lpa te  

1 1 )  requ l re  300 
b )  locate along t o r o i d a l  ax ls  ou ts lde  area o 
c )  use t o  shade s t a t i o n  from sun 

1 )  shape In  form of hollow octagon 

- on ly  four  modules shaded by requl red - use a l u f o l l  t o  shade add l t l ona l  modu 
d) plasmon c e l l s  should be evaluated and dev 

I I) shad lng one modu I e requires 84 m2 

3 )  Fuel c e l l s  (50 Kw) 

concentrated plasma 

ar ray  
es 
loped for fu tu re  use 

a) Provldes energy when so lar  arrays a r e  lnoperable 
I) dur lng slowdown phases 

I l l  I f  so la r  a r rays  f a i l  
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b)  provldes pure water f o r  drlnklng, cooklng etc. 

c) Recommend s t o r i n g  200-300 Kg each of $ and 02 
I) must operate 90 mln/day t o  produce 25 kg  of H20 

1 )  can supply energy during emergencles 
11)  e a s i l y  supplies enough energy dur lng  slowdown phase 

D. Thermal Hardware 
1. Considerations 

a) if uncontrolled, s t a t i o n  w i l l  heat excessively dur lng sun phase 
b )  s t a t l o n  w i l l  cool excesslvely dur ing  slowdown phase . 
c )  a c t i v e  measures r e q u i r e d  t o  accommodate range o f  hea t  t r a n s f e r  

(heat pump) 

a) passive methods 
1 )  meteoroid s h i e l d  wIl l  help prevent r a d i a t i v e  loss 

b)  a c t l v e  methods 

2. Design t o  handle slowdown phase 

1 1 )  mylar i nsu la t i on  wll l  f u r the r  reduce heat loss 

1 1 )  heat s t a t l o n  t o  maxlmum p r i o r  t o  slowdown phase 
ill) s t o r e  heat i n  s t a t i o n  water p r l o r  t o  slowdown phase 

1) use heat produced by fue l  c e l l s  and d i s t r i b u t e  through s t a t l o n  

3. Deslgn t o  handle sun phase 
a) passlve methods 

b )  a c t l v e  methods 
1 )  use so la r  ar rays and a l u f o l l  t o  shade s t a t i o n  

I) use heat rad ia to rs  t o  dump heat i n t o  space - heat t ranspor t  to  rad ia to rs  pumped through heat pipes a t  h igh  

- use lmproved 

- Chevron f i n s  p ro tec t  heat plpes from meteoroids 

storage water 

temperature grad Tents 
hevron f i n  r a d i a t o r s  from LEO - requ l re  160 3 a t  I Kw/$ 

1 1 )  b u f f e r  s h o r t - t e r m  excess h e a t  p r o d u c t i o n  by h e a t i n g  s t a t l o n  

Ill. Hardware Components f o r  Work Environment 

1 )  Pressurlzed module w i t h  d l r e c t  access t o  hangar v i a  a l r  lock 
2)  Capable o f  repa i r i ng  e l e c t r i c a l  and mechanical s a t e l l l t e  components 

A. S a t e l l i t e  repa l r  shop 

a) we l l  equipped w i t h  t o o l s  
b) computerlzed machine c a p a b i l l t i e r  
c) too I s and processes for produclng e I ec t ron l c  components lnc I ud lng 

ln tegrated c l r c u l t s  (VLSI) 
3) Computer workstat ion w l t h  communlcatlon t o  Ear th t o  a l l o w  programming 

of machine t o o l s  
4 )  Located ou ts ide  reg ion  protected by plasma sh ie lds  

a) no t  r e a d l l y  access lb le  durlng tlrnes of h lgh  r a d l a t l o n  (25% of t o t a l  

b )  might use speclal s u i t s  t o  access area even dur lng h igh  r a d l a t l o n  
t lme)  

B. Hangar 
1 )  Nonpressur lzed  b u t  sa fe  work ing  a rea  d u r l n g  normal background 

rad  Tat Ton 
a) large hatch a t  one end 
b )  storage area f o r  re t r ieved s a t e l l l t e s  and f r e e  f l y e r s  
c )  s t a r t l n g  po in t  for ex t ra  veh lcu la r  a c t l v l t y  

21 Made from spent l i q u i d  hydrogen tank of  s h u t t l e  
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a)  attached to dock lng tunne I outslde reg Ion protected b y  p I asma 

b)  repalr shop module located at one end 
shleld 

C. Storage bay 
1 1 Nonpressur lzed large storage 

a 1 water 
b)  gases including I$ and 02 for fuel cells 
c) liquid coolant for plasma shleld superconductors 
d)  extra foodstuffs 
e) raw mater la I s  for mnufacturlng (debrls, old satel I Ite components) 
f) spare parts, etc. 

2 )  Made from spent shuttle tank attached to docking tunnel 

D. Free f lyers 
1 )  Comrnunlcations antenna 

commun icat Ion 

normally and with GEO station viz laser beam 

I )  long periods of unobstructed vlews 
111 no atmosphere to dlsturb measurements 

a) p I asma sh le I d prov Ides barr Ter to d irect e lectromagnet i c  

b) free f I yer substation communlcates wlth Earth and other satel 1 ltes 

2)  Sclentlflc free flyers 
a) observatories 

b) large synthetic aperture produced from two wldely spaced 
satellites 

a) gravlty module (discussed In habitation sectlon) 
b) phased array radar ratel I ites (dlscussed In meteoroid protectlon 

c) robots and satelllte retrieval systems 

3 )  Other free f lyerr 

sect ion 1 

I V .  GEO Statlon LIving Areas 
A. Modular deslgn 

1 )  Use modular approach applied In LEO 
21 Four modules provided initially 

a) house Ilvlng quarters 
b) central control area 
c) CELSS components 
dl exerclse facllltles 
e) lelsure and recreation facllltles 
f) labs and work areas 

second torus would allow further expansion 
3)  Expansion wlthln torus to easl I y include eight modules - I ayered 

B. Internal deslgn to emphaslze physlcal and emotlonal comfort 
1 )  adequate space 
2)  sound prooflng 
3 )  f lexfbi 1 ity in arranging personal quarters 
4 )  color, I Ightlng, temperature, etc. 
5 1 commun lcat ions w Ith Earth systems 
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I f  Clean Dr lnk lng  Water I s  a Dr lver :  

90 mlns a day, they must 21su charge 153 mlns a day. (505 off i n  charge) 
the re  must be 25 kg water/day so there fore  the  fue l  c e 1 . l ~  must discharge 

PI  us: 
The s t a t l o n  Is I n  the  shadow of t h e  ea r th  f o r  apx 3826.66 m l n u t e d y r  

For: 
A grand t o t a l  o f  365 x 153 + 3826.66 = t lme on ba t te r les /y r .  

59671.66 mln/yr = 11.3% of t h e  t lme 

Durins t h l s  t ime :  
S t a t l o n  p u r  r e g s  a r e  50 kw 305 o f  t h e  p w r  which Is o t h e r w l s e  p r o v  ided. 

B e t t e r l e s  o p e r a t e  a t  50% e f f  l c l e n c y  so 11% need 1/3 o f  t w i c e  t h e  normal 
o p e r a t l n g  power, o r  7.5% o f  a I I power must be d l v e r t e d  from a r r a y s  t o  
ba t te r l es .  Or,  a r ray s i ze  must Increase by apx 7.5$. 
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CELSS 
I 

There are several Important factors to conslder when deslgnlng I l f e  

Flrst and foremost, the feaslblllty of support systems for the GEO statlon. 

deep space exploratory spacecraft or lunar and planetary bases hlnges on the I 

successful demonstratlon of an autonomous space statlon ecosystem. The GEO ! 
statlon would provlde an unprecedented opportunlty for the deslgn, development 

and tesffng of a ful I scale "mock-up" of a Control led Ecologlcal Clfe Support 

System (CELSS) In a mlcrogravity envlronment. Second, the operatlonal realm 

of the GEO statlon, compared to LEO station Is unlque; the radlation 

envlronment is severe, partly due to the prevalence of high charge and energy 

(HZE) particles, and the statlon remoteness Is extreme. Establlshlng the 

hlghest degree of station Independence posslble, through the use o f  a 

! 
f 

CELSS, would help rnalntaln a comfortable and secure atmosphere for crew 

members. Further, provlng that a CELSS could thrlve under such harsh 

envlronmentzl conditlons YOU d be a slgnlficant stepplng stone for future deep 

space mlsslons. Flnally, the economic considerations of a CELSS are not 

without merit. Once establ shed, a CELSS malntalns a constant mass balance 

throughout the station; food, water and atmosphere are contlnuously 

regenerated. In contrast, sustalnlng a crew by resupply requlres exorbitant 

statlon storage capabll Itles and exceedingly hlgh payload costs due to the 

replenlshment of heavy materlals such as water. Thus, although not absolutely 

essentlal for the success of a GEO station, a CELSS would be a loglcal next 

step In the ongolng development of innovatlve technologles for a manned 

presence In space. 

What are the materlals which need to be consldered for recycllng In a 

CELSS? Ideallstlcally, everythfng In the GEO statlon must be consldered a 

candidate for recycllng. In practice, however, sollds, IIqulds and gases 
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generated by crew members and other  b l o l o g l c a l  organlsrns w l l l  comprlse t h e  

bu lk  o f  mater la ls  I n  a CELSS loop. Regenerating such materials I n t o  usable 

forms Is n o t  t r l v i a l ;  phase separatlon and f l u i d s  management, f o r  example, 

pose l n t r  ca te  processlng questlons. Assumlng such processing problems can be 

overcome, t h e r e  w l l l  continue t o  be o t h e r  c r u c i a l  issues inherent to a GEO 

E L S S  wh ch must be addressed. How can t h e  dep le t ion  of essent la l  n u t r l e n t s  

from t h e  system be minlmlzed? H o w  can t h e  accumulation of t o x l n s  o r  t h e  

converslon of substances I n t o  nonusable forms be avolded? Current approaches 

t o  these issues t y p l c a l l y  Invo lve the  l n t roduc t l on  o f  "cheating vectors" i n t o  

a CELSS. Obvlously, however, heavy r e l l a n c e  on cheating vectors themselves 

wll l  u l t l m a t e l y  defeat t he  system. What, then, can be done t o  preserve t h e  

long term v i a b l l l t y  o f  a CELSS? Delv ing I n t o  t h e  -agricultural domzin, a 

proven approach t o  these n o t  so unique issues I s  apparent; t he  method o f  "crop 

ro ta t lon" .  Th is  procedure Involves t h e  use o f  d l f f e r e n t  p l a n t  specles 

( a l f a l f a ,  clover, legumes and nuts  a re  commn I n  ag r i cu l tu re )  t o  rep len l sh  

f l x e d  n l t rogen  supply, r e v l t a l l z e  growth medla and e l lm lna te  p a r a s i t i c  

contamlnation. I n  s tark  c o n t r a s t  t o  t h e  d l s r u p t l n g  external manlpulat lons o f  

cheating vectors, a crop r o t a t l o n  scheme can be r e a d l l y  Incorporated I n t o  t h e  

constant mass balance o f  a CELSS. Such a scheme needn't stop a t  simply 

mainta in ing s ta tus  quo however. An appropr la te se lec t l on  o f  mlcoorganlsms and 

higher p lan ts  for r o t a t l o n  w f t h l n  a GEO CELSS could lead to enriched n u t r I e n t  

supply, enhanced crop p r o d u c t l v l t y  and a wide v a r l e t y  o f  nourlshlng crops for 

t h e  lnhabl tants  of the  s tat lon.  

Success of a GEO CELSS Is f u r the r  cont lngent  upon the  shrewd design o f  

l t s  varlous hardware components. The c losed nature of t h e  system mandates an 

e f f l c l e n t ,  conservative use o f  ava l l ab le  materlals. The aeroponlc method o f  

growing h igher  p lan ts  was there fore  discarded I n  favor of hydroponics due t o  

t h e  gross ly  l n e f f i c l e n t  manner I n  whlch n u t r l e n t  so lu t l on  i s  de l l vered  t o  
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roots. S lmi la r ly ,  t h e  conslderable weight of s o i l  (payload considerat ions)  

and i t s  innertness or l n a b i l i t y  t o  be used elsewhere I n  t h e  system makes s o i l  

p r o h i b i t i v e  as a growth medium. system Overlapping s t a t i o n  systems o r  CELSS 

components is an exce l l en t  strategy f o r  using materials e f f i c i e n t l y  and 

conservat lve ly .  For example, f ue l  c e l l s  were chosen as a backup power source 

f o r  t h e  GEO s t a t i o n  n o t  on l y  because of  t h e i r  r e l l a b i l l t y  b u t  a l so  because of 

t he  a b i l i t y  of t h e  c e l l s  t o  produce h igh l y  p u r i f i e d  water. I n  t h e  waste 

treatment process, microorganisms used as c a t a l y s t s  i n  t h e  b i o l o s i c a l  

breakdown of wastes were chosen based on a p p l i c a b i l i t y  t o  t h e  crop r o t a t i o n  

scheme (bac te r ia  which f i x  nitrogen) and po ten t i a l  use as a food source ( the  

fungus Agaricus bisporus is the  common mushroom). One f i n a l  design c r i t e r i a  

f o r  t h e  CELSS hardware i s  s imp l lc i t y ;  t h e  system should be "user-friendly". 

Automation and smart robo t i cs  w i l l  be ln tegrated as much as poss ib le  l n t o  

CELSS i n  order t o  a l l e v i a t e  t h e  burden of ted ious system maintcinence from 

crew members. - 
Spending a r e l a t i v e l y  long (6 months) per iod o f  t ime i n  a closed, 

mic rograv i ty  envlronment f a r  from home w i l l  obv ious ly  p lace many stresses upon 

t h e  crew of t h e  space s ta t ion ,  Simple pleasures could make a l l  t h e  d i f f e rence  

between having a happy, product ive crew, or  a bunch of astronauts counting the  

hours u n t i l  they r e t u r n  t o  s o l i d  ground. One o f  t h e  bas lc  pleasures o f  l i f e  

i s  eating. Another, f o r  some people, is preparing a specia l  meal. On GEO we 

w i l l  grow both u n i c e l l a r  and some higher crops (soybeans, r ice,  greens). Some 

of  t h e s e  p r o d u c t s  of t h e  CELSS system, though v e r y  n u t r i t i o u s ,  a r e  n o t  

readi  I y accepted foods. The food served t o  the  crew shou I d  lock and sme I I 

appetizing, have a normal texture, and be var ied  from day t o  day. Therefore, 

d e s i g n i n g  an e f f  l c i e n t  food p rocess ing  system f o r  t h e  space s t a t i o n  now, 
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and for space travel in the future, is a necessity. 

The system should have the capab i I ity of hand1 Ing a varlety of h isher 

plants as well as single cell proteln sources (algae, yeast, bacteria, fungus). 

Slmpliclty and Ilghtwelght are essential assets, with nolse and other types of 

environmental pol lution held to a minimum. t i  should be posslble, uslng 

robotics, to design a fu I I y automated system which has connections to the 

plant harvesting unlts and waste processlng system. Crew members could then 

use this system to create thelr own specialty dishes. Simply from soybeans and 

sIngle cell protein sources, for example, several different types of food can 

be produced. Using dlfferent flavorings and food colors, meat analogs can be 

made whlch look, taste and smell llke Chicken, turkey, or even shrimp. Soy 

flour could be used to make breads, pasta, etc. and 0 1 1  can be extracted from 

the beans i o  be used in food preparation. These foods, along with the-other 

vegetables and fruits grown In the space statlon, could make for some 

interest lng mea I s. 

Asoects o f  -ace S t a . f i a n  

A geosynchronous space statlon would represent a large step in moving 

from an era of space exploratlon to an era of space exploitation. As such, 

the people who 1 ive and work at the station most I ikel y wi I I not be the rugged 

astronauts of the past b u t  rather physlcal l y  ordlnary lndivlduals who possess 

specla I ski I I s In communications, sate I I ite repair or sclentif ic research. 

Hea Ith considerations must evol ve to ensure more than Just surv iva I of the 

space stat Ion lnhab ltants; good hea I th a I ong w I th phys ica 1 and psycho I og lca I 

comfort must be emphas ized. 

Ensuring good health in the geosynchronous station represents a challenge 

because of large amounts o f  radiatlon, the degenerative effects of 

microgravity, isolation for long perlods of time at relatively large distances 
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from Earth and potentla I d i ff Icu I ties of a CELSS. Rad iat ion sh le I ds have been 

designed to ensure protectlon even d u r l n g  episodes of large solar f tare 

act1 v lty. Hea I th mn ltor ing w 1 I I be emphas ized to a I low ear I y detect Ion and 

treatment of any health problems. Such monitorlng wi I I be set u p  to obtein 

detai led lnformatlon whlle disturbing the astronauts as I lttle as possible. 

Capabl I Itles for emergency medicine wil I a1 Ion for the hand1 ing of virtual ly 

any crlsls. 

One way to solve mlcrogravlty related problems Is to provide artificial 

gravlty by  spinning the statlon. To spln the whole statlon, however, would be 

structura I I y d 1 f f icu I t and wou I d defeat the advantages of man ipu I at lng 

sate1 I Iter and other large structures ln mlcrogravlty. In addltlon, data do 

not currently exlst to a1 low optimization of spln radlus and velocity. As a 

complement to the maln statlon, a gravity module has been designed. This 
_. . 

module wi I I provlde a stie for health maintenance, emergency medicine, 

interact Tons w Ith CELSS, research and grav lty readaptatlon and quaranilne. 

The grav 1 ty modu I e has been des igned w I th var Tab I e sp In rad ius and angu I zr 

veloclty SO that optimal parameters can be determlned. B y  having 

grav itationa I and mlcrograv Ity env lronments side by side, research can be done 

to determine the deslrablllty of using artlflcial gravlty f o r  deep space 

ml ss Tons. 
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1 .  l n t roduc t lon  
A. L i v i n g  and working l n  a geosynchronous s t a t l o n  

1.  
2. 
3. 

1 . 

i n i t i a l  crew of 10 people 
overlapplng exper t l se  o f  crew members 
emphasls on h a b i t a t i o n  ra ther  than slmply s u r v i v l n g  

work re la ted  a c t i v i t i e s  (9-10 hours/day) 
a. s a t e l l i t e s  and communlcatlons 

B. A c t i v l t l e s  l n  GEO 

1. GEO o r b l t  Is clogged w l t h  useless s a t e l l l t e s  and debr ls  
11. s t a t l o n  wou I d r e t r i e v e  and r e p a i r  sate I I i t e s  -- c o r r e c t  

111. GEO s t a t l o n  can s e r v e  as a base f o r  c o n s t r u c t i o n ,  
f a u l t y  o rb i ts ;  upgrade s a t e l  I ltes; c lean  o r b l t  

operation and repa I r  of a GEO based antennae form 
b. sclence based a c t l v i t l e s  

1. space based lnves t i ga t l on  
= geophys l ca  I - astrophys I ca  I - estronomy - l l f e  sclences 

- mate r la l s  - s o l a r  c e l l  technology - eng lneer l ng  RAD 
C. mater la ls  manufacturlng and processlng 

11. appl ied space based inves t i ga t  lons 

1. on board c a p a b l l i t y  t o  manufacture ma te r la l s  for 
s a t e l  I l t e  r e p a l r  and r e f  l t t l n g  

I I .  I unar mater la I s eas 1 I y accesslb I e for manufacturing needs 
survel I lance/mi I l t a r y  

communlcationr 

d. 
1. m o n l t o r l n g  o f  E a r t h ' s  s u r f a c e ,  a t m o s p h e r e  and 

2. wLIv ingw r e l a t e d  a c t i v i t i e s  (14-15 hours) 

I .  exerc ise 
11. w n l t o r l n g  

1. robo t l cs  should mlnlmire crew l n f e r v e n t l o n  In basic  

a. eatlng/food preparat ion 
b. hea l th  maintenance and support 

c. s t a t l o n  malntenance and support 

d.  
ma i ntenance 

I e isure  t Ime/s I eep Ing 

1 1 .  Cont ro l led  Ecological L l f e  Support System (CELSS) 
A. In t roduc t ion  

a. 
1. What 1s a CELSS? 

A con t ro l  led  ecological I l f e  support system Is a system 
whlch conta lns a l l  the processes necessary f o r  t ransformlns 
waste m a t e r l a l s  i n t o  energy enriched foods, and back i n t o  
waste mater la I . 

b. Both endogenous b i o l o g l c a l  processes and human engineered 
processes a r e  requ 1 red . 

C. A I though energy may f low f r e e  I y through t h e  system, mass f I ow 
I n  and o u t  should be reduced as much as possible. 
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2. Why have a CELSS? 
a. Because o f  t h e  h igh a l t i t u d e  (22,236 m l  les)  of a GSO, 

resupply I s  cos t l y .  I t  has been estimated t h a t  f o r  a 10 
member crew i n  GSO, CELSS becomes cos t  e f f e c t i v e  fo r  tours  of 
3 months and longer. Since we are  consider ing 6 month periods 
between crew changes and resupply, a CELSS becomes cos t  
e f fec t  I ve. 

b. A GSO space s t a t l o n  would be a l o g i c a l  p lace  t o  develop and 
re f  ine CELSS techno I ogy. Such techno I ogy w I I I be necessary 
f o r  long term manned missions i n t o  t h e  s o l a r  system, as we1 I 
as for manned bases on planets, moons, asterolds, etc. 
CELSS technology w l  I I f u r t h e r  our understanding o f  ecosystem 
dynamics. Th is  w i l l  be Important f o r  e a r t h  based problems 
ranging from t h e  preserva t ion  of e x i s t i n g  ecosystems t o  
p rov id ing  for t h e  food and waste dlsposai needs o f  a l a r s e  
(growing?) world population. 

8. CELSS cons ldera t  ions/d i f f  Icu  1 t i e s  
1. Mater ia ls  which need t o  be considered for recyc l i ng  I n  CELSS 

a. s o l l d s  such as feces, i n e d l b l e  biomass, food processing 

b. 

C. 

c. 

wastes and uneaten foods 
I lquids such as urine, spent n u t r i e n t  s o l u t i o n s  and spent 
wash water 
gases such as oxygen from plants, carbon d iox ide  from crew, 
excess heat and water vapor 

2. Mater la ls  which r e q u i r e  special cons iderat ion 

1. one of t h e  prlmary d i f f i c u l t i e s  i n  a CELSS i s  t he  
a. Toxins 

product ion o f  substances tox IC t o  peop I e and/or p I ants. 
For examp I e, some a I gae g I ve o f f  toxic gases such as KN, 
NO compounds and vo I a t  i I e amines or ammn ia. A I though 
such substances are genera I I y re1  eased I n  minute 
quant i t ies ,  i n  a closed loop system t o x i c  l e v e l s  a re  
eventua I I y reached. 

1 1 .  another d l f f l c u l t y  w i t h  CELSS i s  t h e  conversion o f  
elements I n t o  molecular forms (I&. ash, nitrogen, 
var ious sa i t s ,  etc.) that, wh i I e n o t  necessar 1 I y toxic, 
cannot be e a s l l  y reclaimed by t h e  system. Even i f  
conversions are sma I I and slow, i n  a cyc I ing system 

I arge amounts of mass w i  1 I eventua I I y end up i n  nonusab I e 
forms and t h e  system w i l l  f a l l .  

b. Nonusable forms of compounds 

3 .  Control problems 
a. I n  reducing a b loregenerat ive system down t o  o n l y  a few 

processes, much of the normal bu f fe r i ng  capaci ty  i s  l o s t  and 
systems o f ten  f a i l  because of process con t ro l  d i f f i c u l t i e s .  

C. Approaches t o  CELSS 
1 . Agr i c u l  t u r a l  approaches 

a. crop r o t a t i o n  
1. i n  s o l l  growth media, succesive generations of crops tend 

t o  leach n i t rogen ( n i t r i t e s )  from soll  

t o  rep len ish  n i t r l t e  supply and r e v i t a l l r e  sol1 
ill. using crop r o t a t i o n  i n  a CELSS cou ld  s i m i l a r l y  maIntain 

the  v i a b l  I i t y  of the system by prevent lng  t h e  dep le t i on  
of Important nu t r l en ts  

I I. a "crop ro ta t i on "  scheme i s  commonly used I n  a g r i c u l t u r e  
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Iv. more importantly, crop rotation in a m i b b  couia-se-we- 
enrich nutrient supply and thus enhance crop productivity 

the selection of CELSS "crops" : 
ii. compatlblllty wIth crop rotation scheme 

b. crop selectIon/crIteria 
1. there are several different considerations which dictate 

- certa In types of p I ants are commn I y used in 
agr icu I ture for crop rotat ion : a I fa I fa, c I over, 
legumes and nuts - microorganlsms could also play an Tmportant role in 
ma Inta in Ing CELSS v iab i I Ity : some b I ue-green a I gze 
fix nitrogen; many specles of bacteria fix nitrogen 

i I i .  "nutrientw requirements of crew - thIs Includes adequcte 
many microorganlsms have a hfgh protein content : 
algae (a1 I types) average 50% protein wh1 le fungi 
typical ly contaln approxlmately 40% proteln 
hlgher plants such as soybeans and spl lt peas are 
also high in protein although not as high as 
mlcroorgan Tsms 
crops (microorganisms and hi her plants) wI1 I 

production of oxygen as well as food supply - 
- 
- 

produce approxlmate y 25 I/ 9 /day of oxygen and 
assiml late 23.8 I/ 3 /day of carbon dtoxide 

Iv. growth considerations - algae requIre speclal harvesting equipment to 

- separate blornass from nutrient solution 
higher p I ants can not have extens Ive, comp 1 ex root 
systems or fragl I constitutions - growIng peanuts 
and corn wou Id be e I imlnated ( most I y based on root 
structure 1; also wheat poses many processlng 
prob I ems - crops shou I d be hearty and not extreme I y fens It i ve 
to changes In nutrlent solution or lighting (should 
be able to survive with artlficial I ight) - clovers 
are typ Ica I I y v lgorous growers Y Ith crop rotation 
over I ap 

v. storage capab I I Ity - it i s  abso I ute I y cruc la I that crops can be stored 
for long term use - algae and fung1 can be stored in a spore stage for 
more than a year; matured algae can be freeze-dried - higher plants such as soybeans, rlce, potatoes, peas 
and beans can be stored once processed - a l  I plants 
can be stored initially as seeds 

it Is I ikeiy that crew morale would suffer on a dIet 
of unldentif lab le green mush - food var Iety Is an 
Important conslderation 
spIces and other f IavorIng crops such as onIons and 
gar1 Ic should be Tncluded In a CELSS 
the fungus BasIdIomycetes (common mushroom) can be 
grown In adverse conditions (waste management 
overlap) and would also provide f lavorfng - nlnterestingwcrops with iimlted storage capabll Ity 
cou I d be included : tomatoes, cabbage, brocco I I and 

v i .  palatabil Ity - 
- 
- 
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strawberries - wh l t e  clover, used f o r  crop r o t a t  ion, cou I d a I so be 
exposed t o  a spec ia l  GEO bee populat ion f o r  honey 
production 

2. Waste management approaches 
a. wet ox ida t ion  

1. sol ids  (or  I arge organ i c  mol ecu I es) can be decomposed 
using h igh  temperatures and pressures t y p i c a l  of wet 
ox i dat  ion 

condi t ions somewhat too oxygen i n t e n s i v e  f o r  regu l a r  use 
(pur i f  [ c a t  ion) 

b. e l e c t r o l y s i s  
1. p u r i f i c a t i o n  of  spent n u t r i e n t  l i q u i d s  

c. a c t  lvated s I udge system 
1. microorganisms are t y p i c a l  l y  used as c a t a l y s t s  l n  the  

b lo I og ica I breakdown process (bacter la, yeasts, funs i and 
protozoa) 

1 1. many bac ter  l a  spec ies ( i.e. PO I ymyxa, N. w lnogradsky I )  
p o t e n t i a l l y  useful t o  ac t iva ted  sludge system f i x  n i t rogen 

ill. fungus such as Agaricus b isporus (common mushroom) can be 
grown on s I udge (and used as a c a t a l y s t )  and prov Ide a 
food source 

11. pathogens are destoyed i n  extreme temperature and pressure 

D. Hardware components of CELSS 
1. Algae growth chambers 

a. These chambers w i  I I be spun a t  low angu I a r  v e l o c i t y  during 
growth phases i n  order t o  remove metabol IC by products and 
to  introduce nutr ients. Hlgher sp ln  ra tes  wl I I be used t o  
harvest algae so lu t ion  i n t o  gas, l i q u i d  and s o l i d  phases. 
Although t h e  number and s i z e  of chambers have no t  been 
declded on, approxlmatel y 15 kg  of a I gae must be he Id under 
adequate 1 i gh t i ng  and n u t r i e n t  cond i t ions  i n  order  t o  p rov ide  
enough food and oxygen for t h e  crew. Th ls  i s  i n  the  absence o f  
higher p I ants. 

2. Higher p l a n t  growth chambers 
I n  the  absence o f  the a lgae system, a higher p l a n t  growing 
area o f  approximately 165 n? i s  needed t o  p rov ide  crew w l t h  
nu t  ients. 10 separate growing chambers of  approxl 
1 7 9  each cou ld  then be envisioned. A t  150 w a t t s / ~ t ~ ~ ~  
t o t a l  power requirement would be approximately 25 kW. This  
area of p I ants, however, wou I d on I y produce approx lmate I y 6 k g  
of t h e  approximately 7 kg o f  oxygen needed by t h e  10 member 
crew. 

b. 

a. 

3. Food procesrlng 
a. General requlrements 

1. keeping processing equipment s imple and l l g h t  weight 
wh i le  maintaining v e r s a t i l i t y  

r e q u i r e s  a minimum amount of  rnalntenance and p r o v l d e s  
maximum automation 
keeping noise and chemical po l  l u t l o n  t o  a mlnlmum and 
safe leve l  

i t .  f inding, o r  c o n s t r u c t l n g ,  re1 i a b l e  equipment t h a t  

ill. 

b. Processing of soybeans, SCP and r i c e  
I. soybeans - products : - soy f lours ,  g r i t s  
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- p r o t e l n  isoiaTe - t o f u  
11. soybeans - processes : - t h e  steps In t h e  productlon o f  soy f l o u r s  and g r l t s  

lnc lude cleanlng, drylng, dehul I lng, cracklng, 
f l a k i n g  and cooking - t o  produce textured soy proteln, soy f l o u r  Is mixed 
w l t h  water ( and f lovor ing, colors, nut r lents ,  etc.1 
and then passed through a cooker-extruder - t o  Is0  I a t e  soybean pro te  In, f I akes are ext racted ln 
tanks conta ln lng water o r  m l l d  a l k e l l n e  solut ion. 
E x t r a c t  I s  then a c l d l f l e d  t o  p r e c l p l t a t e  p r o t e i n  
i n t o  a curd, which Is neut ra l  lzed w i t h  NaOH and 
spray dried. - t o  make tofu, beans a re  washed and then b I enderized 
w l t h  b o l l l n g  water for a sho r t  tlme. The mixture Is 
steamed for  30 minutes and then f I I tered through 
musl ln bags produclng soy m i  Ik. The curd Is 
prec ip i t a ted  by add lng 0.2% CaS04, p I aced l n  hoops 
and pressed overn lght  a t  1 psi. 

ill. Slngle c e l l  p ro te in  - products : - scp from algae and bac te r la  Is bes t  used t o  produce 
meat analogs which can be f l a v o r e d  t o  t a s t e  I l ke  
turkey, beef, shr lmp, etc. 

lv. S lng le c e l l  p ro te ln  processes : - fermentatlon of ce I I cu I ture, posslb I y uslng food 
wastes as a subst rate - heat shocklng t o  k i t  I c e l  Is, whlch are  then cooled 
and incubated for a couple o f  hours - separation, by c e n t r  ffugation, o f  ce I I s from waste. 
Cells are then washed - d ls ln teg ra t l on  of c e l  I wal I s  using Impact-cel I ml 1 1 .  
The scp is then e i t h e r  concentrated, d r i e d  and 
packaged or f u r the r  processed - nuc le ic  ac id  removal, uslng endogenous RNase - the p r o t e l n  water mlx ture Is extruded uslng one or 
poss i b  I y two extruders. Vo I a t  I I e f I avor  precursors 
and water vapor a re  f lashed of f  dur ing t h l s  step. A 
dense, meat-l lke product emerges 

- brown r lce,  w l th  bran layer  l n t a c t  - whi te  r ice,  wlth bran l aye r  removed, would r e q u l r e  

v. Rice - products : 

more equlpment and be l ess  n u t r l t l o u s  and the re fo re  
n o t  worth produclng 

r l c e  Is passed through a s h e l l e r  t o  remove h u l l s  
fannlng machlng removes dus t  and husks 
t h e  r l c e  Is usual l y  passed back through t h e  she1 l e r  
t o  make sure a l l  h u l l s  a re  removed 

1. waste ma te r la l s  - some wastes, such as those produced ln 

v i .  Rlce - processes : - cfeanfng - - - 
C. Use o f  by products 

soybean processing, con ta ln  sugars and o the r  substances 
which cou I d  be recyc led and used, f o r  examp le, as a 
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substrate for growlng bacterla 

process Ing and, if a su ltab I e means of entrapment Is 
11.  heat - heat Is produced at several polnts in the 

found, cou I d  be stored In some manner or used to produce 
electricity - could be tlmed to colncide with station 
shadow i ng 

d. Energy requirements 

a. raw gas, I Iqufd, b lomars, seed and spore storage 
b. enriched or purlfled gases, liqulds and processed foods 

a. crew waste col I ector - probab I y want at I east 2 for 10 person 
crew 

b. wet oxldation system 
1. requires high temperatures and pressures to operate 

11. existlng unlt slze capaclty 27.9 kg - at least 2 would be 
required wlth a total power usage of 570 W 

c. actlvated sludge system 
1. reactive tanks would have to be designed for microgravity 

environments 
11. mlcroorganlsm specles shou I d be chosen so as to be usefu I 

for  other parts of CELSS (1.e. bacteria whlch wou I d f lx 

11 1 .  energy requirements of system would be minimal 

decompose certa in organ Ic mo I ecu I es - system wou 1 d have to 
be coupled to another waste treatment process such as wet 

1. a very rough estlmte 1s 1-2 kW needed for food processlng 
4. Storage Tanks 

5. Waste dlsposal units 

n I trogen 1 - 

iv. system has slow turnover tlme and does not adequately 

oxldatlon 

a. Gas separatlon unlts 
6. Other purlfication and mnttoring hardware 

1.  CO2 removal - 1047 W power requlred 
11.  CO reduction - 190 W power requlred 
lv. may store enrlched rather than pure gases 

i l l .  ca s alytlc oxidlzer - 572 W power required 
b. Water purlflcation unlt 

c. monltors 
1. electtolysls system - approxlmateiy 53 kW power requl 
I. water quality monltor - 40 W power requlred 

il. atmosphere monltor - 300 W power requlred 
1. dehumldlf ler 

d. mlscel laneous 

11.  odor contro I v la actlvated charcoa I f I I tratlon (ava 1 
from oxIdation) 

1 1 1 .  Biomedlcal Aspects of GEO 
A. Introduction 

1. Effects of GEO envlronmnt on health 
a. Radiation 

*ed 

able 

1. Radiation exposure can cause many hea I th prob I ems depend lng 
on dose received - acute effects of large doses are well known - chron ic effects of I ower doses lnc I ude Increased' risk for 

I 1. Rad lat Ion In GEO far exceeds current acceptab I e I eve I s for 
cancer and reproductive problems 
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r a d l a t l o n  exposure (Table) 
Adequate s h i e l d l n g  f r o m  r a d l a t l o n  i s  o n l y  known means f o r  
prevent ion prob I ems 

-UE p a r t l c l e s  are unique t o  space environment a t  GSO 
- l i t t l e  research has been done on t h l s  type of r a d i a t i o n  

(l.e., hea l th  e f f e c t s  of HZE p a r t l c l e s  a re  unknown) 
- p a r t i c  I es a r e  much I a r g e r  and more energe t  i c  t h a n  o t h e r  

forms o f  p a r t l c l e  r a d l a t l o n  (it m l g h t  n o t  be p o s s i b l e  t o  
extrapo I a t e e f  fects  of HZE p a r t  i c  I es from e f f e c t s  o f  o ther  
r a d l a t l o n  types) 

T i l .  

l v .  HZE p a r t l c l e s  deserve specla l  a t t e n t l o n  

-due t o  nature of par t i c les ,  sh ie ld lng  1s d l f f i c u l t  
b. M lc rograv l ty  

1. Many p h y s l o l o g l c a l  changes  r e s u l t  upon e n t e r l n g  a 
mlcrograv I t y  environment wh fch can be grouped i n t o  v a t  ious 
categor les 
- a d a p t a t t o n  responses t h a t  appear t o  have no h e a l t h  
consequences (e.g,, f l u l d  sh i f t s ,  blood c e l l  loss, etc.) 
-Changes t h a t  cause hea I t h  d i f f l cu  I t les b u t  are temporary 
(e.g., space adaptation syndrome) 
-Changes t h a t  cou I d cause prob I ems and a r e  n o t  temporary 
(e.g., m u s c u l o s k e l e t a l  d e g e n e r a t i o n ,  c a r d l o v a s c u  l a r  
decond It ion 1 ng, e tc  . I  

11. F o r  l o n g  t e r m  s tays  I n  space, it w i  I I be  most l m p o r t a n t  t o  
prevent changes grouped l n t o  t h e  l a s t  category 

B. Health Malntenance 

a. Emphasis wl I I be p laced on p rov ld lng  t i m e l y  warnlng o f  developing 
problems t o  a l low t ime for prevent lve care 
1. P a t h o l o g y  - s t r a t e g l e s  s h o u l d  be  implemented t o  d e t e c t  

Toxicology - detect ion of t o x l n s  produced by CELSS o r  s t a t i o n  
components would al low prevention of f u r t h e r  exposure 

I i 1. Rad l a t i o n  - determination of exposure I eve Is and monltor lng 
h e a l t h  e f f e c t s  wl I I p r o v i d e  necessary i n f o r m a t l o n  t o  make 
dec is lons on fu r ther  a1 lowable exposures for l n d l v l d u a l  crew 
members 

1. Monl tor lng 

In fec t l ous  agents before any or a l l  of t h e  crew become 1 1 1  
11. 

l v *  Metabol Ism - in te rac t i on  w l t h  CELSS t o  monltor adequate 

v. Physiology - conslderlng t h e  e f f e c t s  o f  microgravlty, It 
w i  I I be important t o  monl tor  phys l o l o g i c a l  changes (e+, 
musc I e d e t e r  i o r a t  Ion, c a r d  l o v a s c u  I a r  decond 1 t Ion  lng, 
etc. 1- 

I I Dos [meters t o  m n  i t o r  rad  i a t l o n  

lv. P h y s l o l o g l c a l  t e s t l n g  (e.g., s t r e n g t h ,  endurance,  

n u t r  it iona I lntake 

b. Monltorlng s t ra teg ies  
1. Frequent analyses o f  crew u r i n e  and feces 

l l i *  In f requent  blood samples 

cardlovascular f l t ness )  
2. Protocols  for hea l th  maintenance 

a *  Exerclse 
1. E x e r c i s e  can p r e v e n t  and r e v e r s e  d e g e n e r a t l v e  e f f e c t s  o f  

- equlpment should be e f f l c i e n t  (i.e., produce deslred e f f e c t s  

m lcrograv l t y  
I t .  Equipment selected should be based on LEO experience 
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w i t h  minlmal t lme spent on a c t l v l t y )  

dec ide t h e  bes t  types o f  exerc Ises) 

poss I b I e (aerob icr) 

- equlpment shou I d  be  v e r s a t i  l e  (l.e., a I low t h e  crew t o  

- prov lde  exerc ise  fac l  I l t y  as enJoyab l e  t o  use as 

b. Pharmacologlcal In tervent ions 
1. Cer ta in  drugs mfght be a b l e  t o  prevent  undesf rab le e f fec fs  of 

m ic rog rav  I t y  (e.g., c I od rona te  d i sod ium has p o t e n t i a  I i n  
preventlng bone calclum loss) 

ii. Hormone I n t e r v e n t l o n s  a l s o  m i g h t  be  u s e f u l  I n  p r e v e n t l n g  
d e t e r l o r a t l o n  of muscles and bones 

111. As w i t h  exercise, It I s  an t l c lpa ted  t h a t  LEO experience wll I 
be valuable 

1. nutrition should be optlmized based on CELSS c a p a b l l i t i e s  - m n l t o r l n g  can provlde feedback 
I i .  d ie ta ry  supplements, such as ca lc lum mlght be usefu l  

1. Temporary s tays  I n  the grav i t y  module shou I d  s l g n l f  I c a n t l  y 
reduce prob lems o f  mlcrograv l t y  

11. I n d i v i d u a l s  showing excessive d e t e r l o r a t l o n  n o t  respondlng t o  
o ther  p ro toco ls  could spend e x t r a  t ime I n  g r a v l t a t l o n a l  f i e l d  

weeks) m l g h t  b e  d e s l r a b l e  ( b o t h  p h y s i o l o g i c a l  l y  and 
psycho I og Ica I I y 1 

c. N u t r l t l o n  

d. Grav i ty  supplements 

ill. Routlne eplsodes spent i n  g r a v i t y  module (e.g., 2 days every 2 

C. Emergency Med l c  ine 

1. Extens ive equlpment should be Included t h a t  e f f e c t i v e l y  dupl l ca ies  (on 
a small scale) a hosp l ta l  emergency ward 

2. Medical ward would be located I n  t h e  g r a v i t y  module 
a. Special m ic rograv i ty  equlpment would n o t  be necessary 
b. Recovery f o r  some 1nJuries (e.g. bone breaks) might be improved I n  

c. Crew member w i t h  in fec t ious  1 1  lness can be i s o l a t e d  away from main 
a g r a v l t a t l o n a l  f i e l d  

s t a t I o n  and remaining crew 

D. Grav i ta t i ona l  Module 

1.  Design of g r a v i t y  system 
a. Syslem w l  I I have v a r i a b l e  rad lus  (15-30m) and var lab  l e  s p l n  r a t e  

b. Two modules w l l l  be lncluded I n l t i a l l y  expandable to f ou r  or  m r e  
c. System can be spun up or spun down a t  any t l m e  and docked w I t h  t h e  

maln s t a t l o n  - counter  spun wheel wl I I p r o v l d e  mechanlsm f o r  
convenient s p i n  up and sp in  down 

(0-5rpm) for research and op t lm lza t i on  purposes 

2. Grav i t y  system wl l l  have many uses 
a. Hea l th  maintenance - phys io log lca l  and psychologlca l  b e n e f l t s  as 

d lscussed above 
b. Emergency med I C  l n e  - use o f  s tandard  equ lpment, e tc .  as  d lscussed 

above 
c. CELSS = some organlsms m i g h t  have  c r i t i c a l  deve lopment  phases 

requ l r i ng  g r a v i t y  to grow, some might  grow faster, etc. 
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d. Research 
1. v a r i a b l e  sp ln  radius a l  lows f o r  t e s t i n g  many d l f f e r e n t  

g r a v i t y  environments on such th ings  as - embryology - CELSS components - phys io log lca l  responses i n  space - ln te rac t l ons  wlth r a d i a t i o n  - etc. 
11. g r a v i t y  module would p rov lde  a good l o c a t i o n  t o  keep 

p lan ts  and animals used i n  l i f e  sclence research 

grav I t y  
e. Readaptation and quarantlne - prov lde  f a c i  I I t y  f o r  re tu rn lng  

mlsslons from deep space t o  quarantlne crew and he lp  them 
readapt t o  p a r t i a i  g rav i t y  p r i o r  t o  r e t u r n  t o  ea r th  

111. t e s t i n g  f a c l l l t y  for long range mlsslons uslng a r t l f i c l a l  

1. vacation area for crew members 

IV. Psychological Conslderations 
A. l n t roduc t l on  

1. good psycho I og i c a  I s t a t e  I eads t o  h igher product I v i ty, 
c r e a t i v i t y ,  good crew Interactions, etc. 

2. poor psychologtcal s t a t e  may lead t o  loss o f  m t l v a t l o n ,  poor 
health, problems a t  home and w l t h  crew Interact ions,  etc. 

1. Ion1 lness - 6 month r o t a t i o n  periods i s o l a t e d  from f r l ends  and 
faml l y  may lead t o  f e e l  Ings of loss of c o n t r o l  over  s i t u a t l o n s  a t  
home. Lon1 lness may be exacerbated by extreme d ls tance from home 

2. s t r e s s  - there  a re  many po ten t ia l  sources of s t ress  on s t a t i o n  : 
a. persona l t ty  c o n f l i c t s  w l t h  crew members 
b. l n a b l l l t y  t o  g e t  away from t h e  job 
c. lack o f  v a r i e t y  i n  d i e t ,  recreation, job, e tc .  
d. f r u s t r a t i o n s  from equipment fa l lures,  bad data, etc. 

B. Sources o f  problems 

3. boredom 

1 . Design of I i v  Ing spaces 
C. Poss ib le  prevent lve measures 

a. m d u l a r l t y  o f  furn lsh lngs 
b. f l e x l b l  I i t y  i n  textures, c o l o r s  
c. acoust Ica I p r  1 vacy 
d. personal con t ro l  of I lght ing,  temperature 
e. p r l v a t e  comrnunlcations c a p a b i l i t y  
f. "HAL" p c  
g. Ind iv idua l  quar te rs  
h. r o o m  f o r  personal possesions such as musical Instruments, 

a r t i s t  tools, posters/artwork, etc. 

a. modular - can be rearranged according to need 
b. f l e x l b l l i t y  I n  crew schedules 
c. separatlon of work and l l v l n g  envlronments 
d. v a r i e t y  o f  responsib l l  l t i e s  

a. open access t o  home 
b. prov ide p r l v a t e  communlcations quar te rs  and group rooms 
c. video communicatlon 
d. e lec t ron i c  m a i l  

2. Design of work spaces/schedules 

3 .  Commun i c a t  Ions 

37 



D. 

4. Preparatlon 
a. train crew together lnltlal ly - assess potentlal problems 

before mlss Ion 
5. Le Isure/recreat Ion 

a. I ibrary/qu let area 
b. microgravlty, 3-D game rooms (hangar, halls) 
c. Velcro darts, magnetic pool tables 
d. music, movles, home nvldeon movles 
e. use of tools and equipment for hobby work - addltlonal use of 

spare parts for creatlve lnventlons or retrof Its to game 
rooms, personal quarters, etc. 

f. allow ablllty to prepare meals 

a. one crew member should be a physiclan 
b. gym equlpment 
c. f lexlbl I lty In health/exerclse routine - provide ab1 I lty to 

dev lse lnd lv ldua I equ lpment (use of large hangar spaces, etc . )  

6. Health maintenance 

Posslble solutlons to problems 
1. artlf lclal gravity envlronment 
2. on-board nvacatlonn - days or week off 

-~ 

V. Concluslons 
A. Summary of GEO habltatlon 

1. HoI lstlc habltatlon - Thls summary wll I emphaslze the underlylng 
theme of a space statlon crew which w l l l  be dolng much more than 
Just surv lv lng. Crew members are 1 I v Ing and work Ing In re I at1 ve I y 
spac lous quarters. They are act I ve I y invo I ved in d I verse, 
Intel lectual ly stimulatlng activltles, wlth plenty of time left 
for privacy, recreatlon, sleep, etc... CELSS derlved food Is very 
palatable and the dlet has variety. 

8. The future of the GEO station 
1. Expanslon 

a. it Is envlsioned that 5 years fol lowlng the inltlal launch 
date of 2005, the crew slze u i  I I be increased to 15-20 
members. Stat Ion s ize w 1 I I be Increased accord lng I y by add ing 
more cyllndrical habltatlon modules. 

a. after 5 years In orblt, It might be expected that survlval 
act1 v It les and sate I I lte repa I r w I I I I eve I off and that 
manufacturlng ( for stag Ing purposes 1 and scientlf Ic 
activltles w l  I I Increase. 

a. after more than 5 years In GSO, many of the technologies 
developed on the statlon, such as CELSS, wl I I be ready for 
use on deep space mlsslons. Station could serve as a "parking 
lot/garagen for deep space vehicles, as a gravity 
readaptatlon stop, etc. A I  so, potential wl I I exist for 
moblllty of the GEO space statlon, or a GEO clone. 

2. Emphases 

3. Staglng Slte 
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Two t y p e s  o f  r o b o t i c s  systems have a l r e a d y  been t e s t e d  i n  t h e  space 

envlronment: t h e  Canadian r o b o t i c  arm and t h e  manned maneuvering u n l t  (MMU). 

Both u n i t s  a r e  essent ta l  elements of t h e  space s h u t t l e  b u t  both are l n t lma te l y  

dependent upon human c o n t r o  I and dec I s  l o n  mak ing. Such human I n t e r a c t  lons  

w l t h  automated and r o b o t l c  systems are  I l k e l y  to p e r s i s t  b u t  i n  t he  presence 

o f  e v e r  s o p h l s t i c a t e d  hardware. Undoubted I y, GEO w l  I I be one o f  t h e  maJor 

s i t e s  i n  t h e  fu tu re  f o r  t h e  c rea t ion  o f  I nnova t i ve  automated, robo t i c  systems. 

I n  t h e  env is ioned CELSS operations it w i  I I be necessary t o  monitor the  

gas accumu I a t  l ons  aboard GEO. To main ta  I n  an appropr  l a t e  atmosphere t h e s e  

mon l t o r s  w I I I automat I c a  I I y seed g r o w t h  r e a c t o r s  w l t h  n i t r o g e n  f i x  Ing  

organ isms when t h e  n l t r o g e n  l e v e l s  a r e  t o o  hlgh. A t  t h e  same t i m e  t h e  

n i t rogen  enriched atmosphere can be pumped l n t o  storage f o r  growth reac to r  use 

wh 1 I e s Imu I taneous I y t h e  atmosphere i s  r e p  I aced w i t h  s t o r e d  gases of more 

appropr ia te  concentratlons. A I  I of t h i s  a c t l v l t y  would requ l re  I i t t l e  human 

In tervent ion.  U n i c e l l u l a r  harvests can be accomplished cont lnuously  through 

t h e  use o f  f I u i d  pumps c r e a t l n g  c e n t r l f u g a l  f o r c e s  f o r  b o t h  p r e s s u r e  and 

dens i ty  separat ion needs. Monitors of reac to r  t u r b  I d  Ity I eve I s  w 1 I I s lgna I 

t h e  automated remova l  of c e l  Is f o r  s t o r a g e  and subsequent  process ing.  

Processing w i t  I I n v o l v e  e l t h e r  en t ry  Into food preparat lon equipment or  re- 

e n t r y  i n t o  t h e  food chaln of higher b i o l o g l c a l  p l a n t s  and organisms. Again, 

I Itt l e  human f n t e r v e n t i o n  Is necessary e x c e p t  i n  t h e  u s e r  d e c l s l o n  of  what 

types of food u l t i m a t e l y  a re  to be consumed and when. These user requests can 

be automat Ica I I y t r ans  I ated i n t o  CELSS con t ro  I s. 

I n  t h e  work module and r e p a l r  bays  o f  GEO, s a t e 1  I l t e  r e p a i r  and 

r e f u r b i s h i n g  can be a lded  by r o b o t i c  assembly, machining, p r o c e s s l n g  and 

hand1 ing. I n  a d d i t l o n ,  an automated f a c i  I i t y  f o r  t h e  p r o d u c t i o n  of V L S l  
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c l r c u l t s  can perml t  extensfve hardware updatlng. These capab I I l t i e s  w l 1  I be 

t h e  predecessors  t o  t h e  e v e n t u a l  c r e a t l o n  o f  new space s t r u c t u r e s  and 

vehlc les.  

A p re requ  Is I t e  t o  s a t e  I I I t e  repa I r and rebu  I I d I ng Is t h e  c a p t u r e  o r  

recovery of  t h e  sa te l  I ltes. For t h l s  purpose an o r b l t a l  maneuverlng v e h l c l e  

w I t h  t e  I ep resen t  o p e r a t o r s  aboard GEO w 1 I I be used. To a I I ev  l a t e  c a p t u r e  

d l f  f l cu  I t l e s  a "purse" ne t  ul  I I be used t o  p lck  up a var  l e t y  o f  sate I I l t e s  and 

t o  recover o ther  space debr ls  l n  geosynchronous o rb l t .  The OMV wl I I dlrect 

n e t  p I acement and w I I I p r o v  I d e  towlng  b o t h  t o  t h e  work bays and back t o  t h e  

d e s f r e d  o p e r a t i o n a l  o rb  It. Redundant hardware Y I I I be s t r l p p e d  f rom t h e  

s a t e l  I l t e s  and w I I I be used f o r  other purposes s ince ne l ther  propu I slon nor 

g r a v l t y  hardware wl I I be needed I n  t h e  con t lnued  o p e r a t l o n  o f  t hese  

sa te l  I ftes. 

~. .  

The s t a t  I on  keep lng  needs w I I I be ass lgned t o  f I a t  r o b o t  I c  mechan Isms 

t h a t  a r e  capab I e o f  s e r v  I c  l n g  t h e  ou ts  I d e  e I ements o f  GEO. Des lgnated  GEO 

s l u g s  f o r  t h e  s l o w  c r a w l  l n g  n a t u r e  o f  t h e  mot lons  of  these robots ,  t hese  

dev ices wl I I r e p a i r  meteorold damage, add new solar c o l  l e c t o r  e ements, and In  

h igher  forms w l l l  create new s t a t l o n  In f ras t ruc tu re  as w e l l  as new generatfon 

space veh IC 18s. 

Overa  I I then, t h e  env Is loned systems w I I I 1 nc I ude automat lon aboard, 

remote robo t l cs  and s t a t l o n  keeplng robot lc  slugs. Each of  these systems w l l  I 

e v o l v e  as GEO matures and develops. 
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Appendix: A 

Automatton Aoallcatlbn 
1 .  CELSS Control System 

1. Expert, learnlng computer systems 
a. routlne control : 

in routine control sltuatlons, those which the computer can 
rect ify w ithout human ass lstance and/or noncr ltlca I 
situations, the computer would sense and correct a mass 
flow excess or deficlt. For example, if the oxygen content 
of afr to the human environment registered low, the computer 
would direct oxygen enrlched alr from storage tanks to brlny 
the oxygen content to a pre-speclfled level. 

In the case of a crltlcal sltuatlon, elther sudden or slowly 
deterioratlng In nature, the computer would react In 
accordance wlth its' mathematical model of the sltuatlon. In 
the case of a toxln bui Id-up above acceptab le levels, It 
might prepare to rotate crops, but wait for a human 
dlrectlve before taking action. In the event of detecting a 
pathogen In human feces, for example, immediate and strident 
not Ice to the crew wou I d be g lven, and system ster I I lzat Ion 
upon human "ok" might begln. 

ideal I y, the system uti I lzed wou Id be capab le of 
syntheslzlng the data gathered and resulting scenarlos into 
a series of cause and effect palrs. This new lnformatlon 
about the system would then be utlllzed to supplement and 
refine the computers model of the CELSS system. 

b. emergency control : 

c. e learlng computer : 

2. Monitorlng Capabilities 
a. chemlcal monltoring : 

a I I slgnlf icant substance concentrations w i I I have to be 
monitored between all processes. At present, this seems most 
feaslb le with spectrometer dev Ises. 

a I I storage I eve I s must be monitored. For gases, pressure 
gauges may suffice; for sol I d s  such as food, electr lcal 
level sensors are feasible. 

monltorlng fur pathogens and other harmful llfe Is 
essential. Thls could be accompl lshed automatical ly through 
simp I e robot lcs ut I I iz ing cu I ture d ishes. Robotlcs cou I d 
also be used to sample the crew feces and urine, and 
relievlng them of this unpleasant task. 

b. storage mon itor ing : 

c. blological mnitorlng : 
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3. Robotics I n  CELSS 
a. harvest I ng : 

robot ics  cou ld  be used t o  harvest  t h e  a lgae a f t e r  separation 
by centr  Ifugation. It wou I d  a I so conserve I abor I n  p I an t  Ing, 
care and harvestlng o f  higher plants. 

b. food processlng : 
robot lcs  wou I d be usefu I t o  automate, as comp I e te  I y as 
posslble, the food processing 

c. storage and t rans fe r  : 
non- f lu id  substances, such as s o l i d  food s tuf fs ,  m y  r e q u l r e  
t ranspor ta t  ion v l a  slmp I e robots where conveyer be I t systems 
are n o t  feaslble, such as w l t h l n  t h e  storage bay. A robot  
here would ensure space-eff lclent storage and proper 
r o t a t i o n  o f  stored foods. 
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Appendix: B 

3SysdEmAutamatrannnd- 

1. MaJor Task Asslgnments 

A )  In te rna l  envlronmental cont ro ls :  atmospheric contro ls ,  thermal 
regulat lon, so la r  c o l l e c t o r  o r len ta t lon ,  heet r a d i a t o r  cont ro l ,  
power monitoring and d l s t r l bu t l on ,  communlcatlons routing, r a d l a t i o n  
mon l t o r  lng, f I u i d  management, and customlzed crew quar ters  con t ro  I s. 

I )  speclal lzed sensors and system node monttors 
I l l  subsystem con t ro l  models, permlsslve operat lon c r i t e r i a  

I l l )  executive in te rvent ion  by  human operators; system update, 
con t ro l  methods, p ro jec t ions  of con t ro l  mod l f l ca t lons  and 
Implementations, system h l s t o r y  and p r o j e c t i o n  of specia l  demands 

i v )  u l t imate  use o f  self-modlfylng/learnlng con t ro l  systems 

6 )  External s t a t i o n  contro ls :  operat ion of plasma shleld, de tec t ion  o f  
meteorold s t r ikes,  a c t l v e  v l b r a t l o n  contro l ,  so la r  a c t i v i t y  monitors, 
f ree- f l yer  monltorlng, space debr is  monltorlng, laser  o r l e n t a t l o n  
f o r  I l g h t  channel l l n k  t o  antennae farm, sclence and technology user 
needs, biomedical system monitoring v i a  telemetry, f ue l  storage, . 
handling o f  f ree  f lyers ,  t ranspor t  systems from hangar t o  work bay o r  
machlne shop. 

1 )  sensors and automated reac t l ve  con t ro l s  
ii) system models and telepresence system monitors t o  "bootstrap" 

new system p red lc t i ons  f o r  evolved s t ruc tu res  

modif Icat lons/ repal rs ;  new fab r i ca t l ons  
1 1 1 )  external robo t l c  operators for  data gatherlng, con t ro l  and 

C) Specla l ty  systems: CELSS. Automated operatlon o f  l l f e  support, 
bloreactors, waste co l lec t ion ,  p ro te ln -carbohydra te fa t  e x t r a c t i o n  
and storage, analys ls  and automated Tncculatlon w i t h  appropr ia te 
organism, pressurized storage o f  oxygen or n i t rogen or carbon d iox ide  
enrlched gases, subsequent automated mlxlng of gases f o r  t h e  
b loreactors  or s t a t l o n  atmosphere, c o l l e c t l o n  o f  potable water from 
f ue I ce I I s da l I y, continuous mon 1 t o r  1 ng of a c t  lve/stored b lomass 
ra t i os ,  and automated s e t  up of food processlng. 

1 )  gas chromatographlc analys ls  of t h e  t o t a l  element reserves in 
each hab l ta t lon  phase of t h e  s t a t i o n  (atmosphere, food, waste 
and storage) t o  assure system balance; p a r a l l e l  b lo reac to r  system 
allows reactor  shutdown for c leaning and s t e r l l l z a t l o n ;  each step 
r e a d l l y  automated w I th  e x l s t l n g  technology 

II) contingent upon c e l l u l a r  reac tor  e f f i c l enc les ,  automated 
hydroponic growth of higher p lan ts  can be 
complex b lo reac tor  uses can include ed lb le  arthropods and f i shes  
ra lsed as meal enrichments; t h e  processlng of t h e  p lan ts  and 
anlmals w l l l  c a l l  for  the homogenlzatlon o byproducts for CELSS 
re lnser t lon;  each o f  these steps can be fu l y  automated 

ncouraged and more 
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1 1 1 )  using "match-to-sample" data comparisons w i t h  computergenerated 
data, warnings can be provlded t o  ga ln  crew ln te rvent lon  If the  
mlsmatches are  e l t h e r  too la rge  or too numerous 

on pure water needs and w i l l  be c o n t r o l l e d  accordingly except 
dur ing s t a t l o n  shadow perlods when automated swi tch lng t o  power 

l v )  fue l  c e l l  use In t h e  t o t a l  power needs of t h e  s t a t i o n  w l l l  depend 

p r l o r i t y  occurs 

v )  i n  view o f  t h e  rap id  progress l n  genet ic  angineerlng of s ing le  
c e l l  organisms, t h e  b loreactors  and o ther  componenfs o f  t he  
CELSS system should be capable o f  large mod i f l ca t lons  t o  accept 
new orsanisms and very d l f f e r e n t  c u l t u r e  needs 

D) Spec la l ty  needs: S a t e l l t t e  services. Remote l o c a l i z a t l o n  of 
s a t e l l l t e s  must be supplemented by v l s u a l l z a t l o n  and space debr is  
c a l  I s  for s l m l l a r  d i r e c t  visual I z a t l o n  capab i l  I t l es ,  a telepresence 
"scout" OW of very small s ize  would save va luable propulslon f u e l s  
and would be less l l k e l y  t o  become a t a r g e t  f o r  wandering debrls; a 
s a t e l l i t e  "tug" i n  contrast  would have appropiate s i ze  and captur lng 
devlces t o  recover and return any s a t e l l i t e  r e q u i r i n g  serv lce - once 
t h e  s a t e l l i t e  has been p o s i t l v e l y  Iden t l f i ed .  When returned t o  the  
s t a t l o n  a robo t l c  hangar tender would place t h e  s a t e l l l t e  i n  a be r th  
where disassembly of some components f o r  s c r u t i n y  i n  the  work bay 
w l l l  be poss ib le  and where machlne/electronlcs needs can be 
determined. The automated machlning and VLSl capabl l  l t l e s  w l l  I ca l  I 
for crew s e t  up t ime b u t  w i l l  otherwfse be f u l l y  automated. 
reassembly Is l a rge l y  a matter o f  r e t r a c l n g  t h e  o r l g l n a l  dlsassembly 
steps, most of t h e  process can be r e a d l l y  automated. 

Since 

1:) need deslgn o f  on-orb It scout OMV; e f f  l c i e n t  proputslon system, 
h igh  resolut lon,  binocular s i g h t  system v l a  charged array video 
cameras, I lgh twe igh t  net capture system for c l e a r l n g  small debr is  

1 1 )  design o f  on-orb l t  tug t o  be used e l t h e r  as a solo f l l g h t  device 
or i n  concert w l t h  the  scout a t  t h e  recovery s l t e ;  ne t  o r  more 
s p e c i f l c  capture system (determlned by scout Information) and 
heavy-duty hangar recelv lng connectors; heavy duty propuls lon 
system and orb it re lnse r l l on  hardware; a l  I these mechan lsms 
prevent need for EVA around t h e  s t a t i o n  I n  t h e  h igh  r a d l a t l o n  
area 

I l l )  hangar area arranged t o  rece ive  s a t e l l i t e  equlpment v i a  r a i l s  
t h a t  switch t h e  equlpment t o  a b e r t h  p o s l t l o n  t h a t  i s  scaled t o  
t h e  approprlate s l ze  with perlmeter mounted robo t i c  arms and 
mechanfcal tool manlpulators (modest 4 degrees o f  freedom m t l o n )  
coupled w i t h  storage (cargo) nets  f o r  dlsassembled hardware. The 
manual procedures can be mlmlcked by computerlzed m t l o n  
s imulators  for most of t h e  reassembly. 

I v )  t h e  serv ice bay w i l l  handle more spec ia l i zed  dlsassembly and 
t e s t l n g  chores w l th  6 degree o f  freedom manlpulators as wel l  as 
autorangins, autonomous d lagnost ic  and t e s t l n g  hardware f o r  the  
t e s t l n g  of e lec t ron i c  competency. The work bay w i l l  be designed 
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t o  handle d i r e c t  (and coded, p rop r ie ta ry )  telecommunications and 
w i l l  a l low near ly  automated repe i r s  from Ear th once the  hardware 
has been appropr ia te ly  a l igned by a member o f  t h e  crew. 
time, a crew member could be summoned t o  care f o r  any 
d i f f  icu I t les the  remote t e  leoperator cou I d  no t  hand I e. 

A t  any 

v )  substantive repa i r s  on-orbit  could be handled by t h e  machine o r  
e lec t ron i cs  shops; meteoroid damage, launch ruptures etc. could 
be repaired or a new component could be constructed and installed 
through designs t ransmi t ted from Earth t o  robo t l c  lathes, m i l l i n g  
machines etc.; i n  t h e  same way e lec t ron l c  components could be  
fabricated, more than l i ke l y ,  f o r  equipment updatlng and f o r  
e lec t ron i cs  hardening (us ing ga l l i um arsenide). A.VLSI lab  would 
be e a s i l y  arranged t o  f u l l y  p r o t e c t  c i r c u i t  deslgn and o the r  
lnformatlon t h a t  users might consider sensi t ive.  

v i )  i n  each of t h e  above instances it i s  envisioned t h a t  automated 
and robo t i c  a l t e rna t i ves  w i l l  ar ise; t h e  f a c i l i t i e s  w i l l  be 
developed t o  the  po in t  o f  f os te r l ng  Innovative new cons t ruc t ion  
on-orb i t  complete w i th  state-of-the-art hardware, e lec t ron lcs ,  
l i f e  support, and biomedicine. 
t h e  convenience of the  antennae farm associated w i t h  GEO, much 
s a t e l l i t e  hardware w i l l  be ava i l ab le  f o r  salvage and innovat ive 
new structures. Since a l l  r e fu rb i sh ing  w i l l  occur on-orb i t  It 
i s  l i k e l y  t h a t  much o f  t he  e x i s t i n g  equipment and mater ia l  on 
s a t e l l l t e s  can be s t r ipped f o r  o ther  uses; t h e  s t r i p p i n g  would be 
desired since o r b i t a l  r e i n s e r t i o n  a c t i v i t i e s  would be a c t i n g  
upon smaller masses and less propuls ion fue l  would be consumed. 

Since many users may wish t o  use 

E)  Spec ia l ty  needs: Blomedlcal. I t  i s  c l e a r  t h a t  exerc ise can be a very 
t ime  consuming a c t l v i t y  f o r  crew personnel i n  a micrograv i ty  
environment, so automated systems must be arranged t o  a l low r e a l i s t i c  
amounts and q u a l i t i e s  of exercise. Magnetic mesh s u i t s  could be worn 
and con t ro l l ed  i n  such a way as t o  simulate dynamic res is tance work 
v i a  computer d i rec ted  muscle loading; t h e  aerobics could be 
accomplished through a wide range o f  exercises done I n  t h e  s h e l t e r  
and s i z e  o f  t h e  hangar and work bay spaces. 
wide range of micrograv i ty  games could be arranged and t h a t  r o b o t i c  
devices could be involved, f o r  example, i n  a th ree  dimenslonal form 
of human p inba l l .  
module could be requi red f o r  c e r t a i n  amounts o f  t i m e  and a t  c e r t a i n  
i n t e r v a l s  fo r  each crew person. 
t h e  communications and high technology devices c m m n  t o  t h e  s ta t lon ,  
t h e  a c t i v i t y  of t he  crew In t h e  g r a v l t y  module could be a c r e a t i v e  
r e t r e a t  oppor tun i ty  for both mind and body. 

I t  I s  envisioned t h a t  a 

Should the need arise, t h e  a r t i f i c i a l  g r a v i t y  

Since t h e  g r a v l t y  module would have 

I) need g r a v i t y  s u i t  design t h a t  simulates bo th  Isometric and 
iso ton ic  exercises as we1 I as dynamic loading exercises; I n  an 
approprlate EMF area a computer t h a t  would a l t e r  t h e  f i e l d  
could assure "normal" amounts of muscle and cardiovascular loads 
as wel l  as s t imu la t i on  of venous r e c i r c u l a t i o n  and lymphatlc 
re tu rns  
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1 1 )  deslgn of aeroblc games package for large spaces and automated 
monltorIng of the pulmonary and cardlovascular effects 

1 1 1 )  provlslon for lndlvldual and personal facllltles In the gravlty 
module, provlde temporary lsolatlon from the demands of the 
statlon, and provlde for maxlmum opportunltles at exercise for 
both body and mind 

2. Major lnnovatlon Needs 

A )  Development of AI lnto a user frlendly asslst capaclty 
B) Electrostrlctlve operatlons of manipulators; blo-composite materlsls 
Cl Development of better optlcal and tntegratlve load sensors 
Dl Development of conservatlve propulslons systems (reclamation) 

3. Autornatlon and robotics wlll  be subjugated to crew personnel use and 
the actlvltles w l l l  provide user frlendly models for Earth appllcat onns 

A )  Either or arguments w l l l  be mlnlmlzed through "cooperation" mode 

B )  Better natural-machlne language comrnunicatlons 
C) Wlder ranqe of motlon klnematlcs for robotlcs 

of automation and robotlcs use. 
S 

D) Better computet vlslon and pattern recognltlon 
E) Cost beneflt analyses that fully contrast automated versus manned 

actlvltles should show that a combined man-robot actlvlty Is the 
most effectlve and most efflcient approach to space exploratlon and 
ut 1 I lzatlon. 
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Appendlx: C 

1. Power Systems 
A )  Backslde o f  sol a r  ce I I array cou I d be covered w l t h  "chevron4 and used 

f o r  heat d Iss  l p a t  Ion. 
B) So la r  c e l  I ar ray  can be used t o  shadow t h e  space s t a t l o n  I n  order  t o  

cool It. 
C) F u e l  c e l  I s  used fo r  energy s t o r a g e  c o u l d  be  Inco rpo ra ted  l n t o  an 

e l e c t r o l y s l s  water p u r l f l c a t l o n  system f o r  CELSS. Oxygen fue l  stores 
could a l s o  be used I n  the  contro l  of  cabin atmosphere. 

D) Energy g 1 ven o f f  dur  l n g  waste d l sposa 1 processes can be "ex t rac ted"  
and s tored I n  fue l  c e l l s .  

E) 02 s t o r e s  f o r  f u e l  c e l  I s  may a l s o  be used as  an 02 source d u r l n g  
emergency med I C  ine. 

F) Slnce f u e l  c e l  Is produce H 1 from molecular  O2 and H2, d r lnk lng  water 
would be more psychologlcal f y dr lnkable.  

GI Power systems would have t o  be malntalned and c o n t r o l  led by robo t l cs  
and A I .  

It. Sh le ld lng  
A )  Meteorold sh le ld lng  can a lso serve as bu lk  r a d l a t l o n  shlelding. 
B) An emergency r a d l a t l o n  bunker, for  use d u r l n g  p e r l o d s  o f  e l e v a t e d  

r a d l a t l o n  f l u x e s ,  cou I d  be surrounded by CELSS H20 s t o r e s  f o r  
add l t l ona l  protect lon.  

C) Rad l a t l o n  s h l e l  d l n g  on r o t a t l o n  modu I e shou I d be manlpu I a tab  l e  I n  
o rder  t o  study t h e  e f f e c t s  of GEO r a d l a t l o n  on experlmental p l a n t  and 
animal I I fe .  

D) S t a t  I o n  modu I a r  l t y ,  necessary t o  mln lmlze damages done by lrnpacting 
meteoro lds,  has b e n e f l c l a l  consequences f rom b o t h  c o n s t r u c t l o n  and 
psychologlcal standpolnts. 

E) Shle lds w l l l  be malntalned p r l m a r l l y  w l t h  r o b o t l c  systems. 

1 1 1 .  Thermal Control 
A )  Heat  management, l.e., b u f f e r l n g ,  t r a n s p o r t ,  etc. ..., c o u l d  be 

achieved uslng CELSS water stores. 

I V .  CELSS System 
A )  Crew food source cou ld  be supplemented w l t h  p l a n t s  and a n l m l s  used l n  

experlmental r o t a t l o n  module. 
B) The e f fec t l veness  o f  CELSS crop r o t a t l o n  schedules cou ld  be p a r t l a l l y  

monitored w i th  lnd lca tors  o f  crew hea l th  and physiology. 
C) I n  a d d l t l o n  t o  b e l n g  necessary f o r  c o n t l n u o u s  food produc t lon ,  c rop  

r o t a t l o n  would a l l o w  crew members some c o n t r o l  ove r  d l e t  changes and 
would a l s o  Involve them l n  the p l a n t  growth and harvestlng processes. 

D) Mlcroorgan lsms used I n  CELSS as food source  c o u l d  a l s o  be used I n  
var lous manufacturlng processes. 

E) Many aspects of t h e  CELSS u n i t  w l l l  be monitored and c o n t r o l l e d  r l t h  
r o b o t l c s  and A I .  
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V. BIomedIcai/Experimental 
A )  Health maintenance and emergency medicine may, If necessary, be 

B) Experimental gravltatlon module can also be used In wrecondItlonlng" 
achieved In the gravltation module. 

deep space travelers before return to earth. 

VI. Other 
A )  Large hangers used for satellite repair and storage may also be used 

B) Personal communication systems are useful for: 
as large exerclse areas (zero-g gymnasium). 

1 )  transfer of proprletary Information (business) 
I i) communlcatlon wi th  famlly and friends (psychulogical'ly Important) 
illlserve as part of a personal computer system to be used as a 

private work statIon, library, etc. 
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